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Geologic reasoning is 


fundamental to the achieve- 
ment of the vast discovery 
program that has become the 
responsibility of the petroleum 
industry ... and seismic exploration 
is essential geologic procedure in the 
search for new oil fields’ . . ... . 
A thorough understanding and use of the 
fundamental principles of geology and 
related sciences contribute to the consistent 


accuracy of S S C conducted seismic surveys. ... 
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nation of riflemen. 

That skill was no accident. The colonists shot for 
prizes. The pioneers practiced for their lives. Genera- 
tion after generation, Americans grew up with the 
rifle. “Shooting at a mark” has been a great founda- 
tion of American readiness for War. 
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And Other Critical 
Materials 
with the 
SCHLUMBERGER 
Integrated Well 
Service Plan 


* * 
Save Rubber 


One truck, on one trip to your well 
will give you: : 

(1) The most accurate electrical logs 
and dependable advice pertain- 
ing to the formations. 

(2) Side Wall Samples of all inter- 
esting sands. 

(3) A photoclinometer directional sur- 
vey of the hole. 

In short, on a single trip to the well 
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tion_you_ want before setting casing. 
After casing is set, the same truck re- 
turns to the well for precision gun 
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saves additional trips to the well. 


Save Steel 


The proven accuracy of Schlumberger 
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from doubtful sands, prevents the waste 
of casing in wildcatting. 


Save Drilling 
Equipment and 
Rig Time 
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bined surveying saves unnecessary trips 
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wear, and less costly rig time is re- 
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W. G. WOOLNOUGH? 
Gordon, Sydney, Australia 


ABSTRACT 


It is considered conceivable that the processes of dynamical geology which are 
active at the present day are unlikely to have been equally dominant throughout the 
whole of geological history. Late Neogene time has been a period of intense orogenic 
activity comparable with earlier epochs of the same character like those of the Caledon- 
ian and Hercynian movements. We are now living in an orogenic period, perhaps in 
its dying phases; but, nevertheless, earth processes are dominated thereby. 

Reasons are adduced for considering that throughout the intervening quiescent 
periods, which were presumably of much longer duration than those of active orogeny, 
a totally different combination of earth processes from those with which we are familiar 
was dominant. It is suggested that during some parts of geological time accumulation 
in the sea of terrigenous materials carried down by rivers may have been subordinate. 
The dominant. processes were probably marine deposition on extensive continental 
shelves, affected by terrigenous detritus to an extent much less than is the case now. The 
reason for this relative subordination was that the continental lands, though near the 
sea in point of actual distance, remained in an “ultra-base-levelled’’ condition for enor- 
mously long periods. 

Certain corollaries of this thesis are dealt with, including sedimentation in barred 
basins. It is diffidently suggested that elaboration of this idea may solve certain para- 
doxes in historical geology, and may explain many puzzling problems, such as the origin 
of the Jurassic (?) radiolarites of the East Indies, and possibly even some of the much 
debated anomalies in Devonian and Culm stratigraphy of Europe, and of the Triassic 
and Jurassic “‘transgressions’’ in the Alps. 


PREFACE 


This paper is divided into three sections. In the first some consider- 
ation is given to the question of completeness and accuracy of certain 
fundamental geological conceptions. In the second part are outlined 
the phenomena of “ultimate peneplanation” to which the writer is 
inclined to assign a much more important réle in geological history 
than is usually allotted to it. In the third part the origin of some 
debatable formations is discussed. 


1 Manuscript received, October 23, 1941. 


2 Geological adviser to the Commonwealth Government, 1927-1940. “‘Callabonna,”’ 
Park Avenue, Gordon, New South Wales. 
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The whole paper is tentative and admittedly controversial. The 
suggestions are advanced solely for the purpose of inviting criticism, 
either constructive or destructive. A negative result is almost as valu- 
able as a positive one, provided the field of geological thought is 
thereby cleared of unprofitable growths. 


THESIS 


The most fundamental conception in geological philosophy is that 
known as the doctrine of uniformity, developed largely by Lyell. Un- 
questionably the geological processes of the present provide the key 
for the solution of the geological problems of the past; and it has been 
along these lines that most of the great advances in geology have been 
made. 

The doctrine of uniformity is sometimes stated in another form, 
namely, that the geological processes of the past have always been 
similar to those which are active to-day. Superficially the two state- 
ments may appear identical; but closer examination suggests that 
there is a vital difference between them. In the second enunciation of 
the proposition there is a tacit postulate the legitimacy of which is 
open to serious debate. It is assumed that geological processes during 
recent time have been of a nature typical of such processes throughout 
the entire course of geological history. Most if not all geologists will 
indignantly deny the suggestion that they limit themselves by any 
such narrow interpretation—but we all do it (1). Any extensive re- 
search through the geological literature dealing with any specific as- 
pect of the subject infallibly reveals tacit and usually subconscious 
acceptance of limited canons of geological faith. The writer recently 
drew attention to tendencies toward a kind of “centripetal national- 
ism” in this field, and has been led to return to the subject here by cer- 
tain studies recently carried out for a specific purpose. 

It is generally agreed that one of the greatest advances ever made 
in natural philosophy is that embodied in Einstein’s theory of relativ- 
ity. This differs from classical physical mechanics in the introduction 
into the equations of a fourth dimension involving time. The universe, 
as we see it, is a cross section of the four-dimensional ‘‘continuum”’ at 
a particular instant when the time term of the equation is made in- 
variable. An extension of something of the same idea to the realms of 
geological thought seems not undesirable. If we permit ourselves to 
think that earth processes as we now see them represent only an in- 
stantaneous cross section in three dimensions of what is really a four- 
dimensional “continuum,” we shall be the more prepared to admit to 

3 Numbers in parentheses refer to Bibliography at the end of the article. 
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consideration the possibility, nay, the certainty of permutations and 
combinations of earth processes in the past radically different from 
any which we can follow in detail in any part of the world at the pres- 
ent day. 

It is contrary to all probability that within the negligible time in- 
terval covered by scientific investigation the whole range of nature’s 
slow movements can have been exhibited. We are entitled to consider 
possibilities which we can not test by direct observation. Such “essays 
in constructive imagination” must not be regarded as pure flights of 
fancy, or entered upon as such. They must be founded strictly and 
firmly on the basic laws of physics, chemistry, and mathematics which 
ultimately control all the cosmic processes. If at any point the postu- 
lates are out of harmony with fundamental laws of nature, the theory 
based on them must be abandoned; or it must be so drastically modi- 
fied as to bring it into agreement with the immutable laws. There is 
always a danger that a fine theory may become an obsession and may 
lead its adherents astray. There is, however, a danger in the opposite 
direction, namely, that a set of tenets may become so ingrained into 
the beliefs of science as to be regarded as belonging to the class of 
immutable laws. In some instances close analysis will indicate that 
such beliefs are worthy only of classification as working hypotheses. 

The object of the present paper is to invite discussion as to the 
accuracy of the second form of statement of the enunciation of the 
principles of the doctrine of uniformity. 

It is suggested that the phenomena of dynamical geology at the 
present time represent merely an instantaneous cross section across 
the “continuum” of geological history; and that, for this reason, the 
picture is necessarily inadequate. Guided by incomplete and often 
obscure data derived from actual observation of existing conditions, 
and strictly limited by constant, unprejudiced, and conscientious ap- 
peal to the immutable laws of nature, we should be impelled to seek 
for evidences of differences during geological history in emphasis and 
combination of phases of geological processes. We are not precluded 
from careful and minutely critical consideration of processes other 
than those which we can observe in action now. 

A moment’s consideration will indicate that such a process is 
going on all the time in geological investigation. We are constantly 
applying the method. Nowhere can we actually observe the phenom- 
ena of plutonic igneous activity, of regional metamorphism, of ore 
deposition, and a host of others. Nowhere in the world at present can 
we claim with certainty that the phenomena responsible during past 
ages for the production of coal and petroleum are active in a typical 
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way or on a scale comparable with their development at favored 
epochs in the past. We can directly study vulcanism and glaciology to 
some extent; but quantitatively, and even probably qualitatively, our 
observations must be incomplete. 

In almost every geological investigation we are bound to use the 
process of development known in mathematics as extrapolation. Just 
as in mathematics the process is legitimate and rigorous when the 
appropriate equations are complete and determinate and when varia- 
tions are “continuous,” and just as mathematical extrapolation re- 
quires verification and testing at every point when indeterminates 
enter into the equations and where there is “discontinuous” variation 
so we must use discretion in applying the process in dealing with 
geological problems. 

A word may be said at this point on the subject of the part played 
by laboratory experiment and controlled field experiment in the test- 
ing of geological theory. Unquestionably such methods are of the 
greatest importance, and must be encouraged and extended at every 
point and to the furthest limit. Only by such methods is it possible, 
in many directions, to secure quantitatively accurate numerical data 
in relation to many of the fundamental geological processes. Such re- 
sults are eagerly awaited and extensively used by every true geologi- 
cal investigator who attempts to probe beyond the limits of what was 
once irreverently called “‘cesspit geology” by a humorous geological 
friend of mine, now long dead. 

It is at once the fundamental strength and the inherent weakness 
of such experiments that they are carried out under strictly controlled 
conditions. Meticulous accuracy is aimed at, and it may be taken for 
granted that the results obtained are accurate to many places of deci- 
mals—within the range covered by the controlled conditions. 

Unfortunately, however, the conditions attainable in the labora- 
tory are not always, possibly not even often, identical with those en- 
countered in nature. Limitations of materials and of power make it 
impossible to imitate at all exactly the processes taking place in mag- 
mas, for instance. Very high pressures and very high temperatures 
can be secured, separately, under laboratory conditions, but not to- 
gether to an extent comparable with their interaction in nature. The 
effects of presence of water and of other mineralizers, and possibly of 
catalysts present under plutonic conditions, can not be imitated at all 
completely in even the best equipped geophysical laboratory. Possibly 
the mechanical and material difficulties may be overcome to some 
extent in the future, but it is to be feared that there is a definite limit 
to such advance, and that nature has set a guardian over her secrets 
with an inexorable “thus far and no farther.” 
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The laboratory experiments owe their accuracy, in part, to the 
elimination of extraneous and trivial factors; but who would have the 
temerity to say that this or that apparently trivial fact may not be, 
in the eyes of nature, the most essential of all? Many magnificent lab- 
oratory experiments designed to imitate the processes of nature are 
carried out under meticulously controlled conditions of temperature, 
pressure, moisture, salinity, and so on. But they lack the “disturbing” 
influences of dust, organic and inorganic, of specific organisms, of 
particular kinds of radiation, and other “trivial and extraneous” fac- 
tors which are present in nature. Most of all, such controlled experi- 
ments are likely to miss two of the most important of the natural 
aspects, namely, discontinuity and time. 

In nature there is no careful control of conditions. These, in many 
instances, vary over wide limits during the process, and, at all events 
so far as surface phenomena are concerned, are discontinuous in their 
variation. There seems to be a high degree of probability that such 
discontinuous variations may exercise a controlling influence on the 
course of the phenomena in question. 

Lastly, there is the preponderating factor of time. Most laboratory 
processes continue for periods which, though perhaps very protracted 
from the point of view of the individual manipulator, are infinitesimal 
in comparison with the duration of nature’s processes. Experiments 
in the laboratory lasting weeks or months continuously are rightly 
claimed as monuments of human patience; those continuing for years 
are very rare indeed. Yet the span of a human life, the whole period 
covered by accurate research, and even the Human period itself are 
little more than instantaneous infinitesimals in the great integration 
represented by geological time—we need not consider cosmic time here. 

It is sometimes argued that even short-time reactions are capable 
of indicating nature’s processes accurately, in a qualitative sense at all 
events. The gibe has been flung in a debate on the subject of the origin 
of petroleum, in which the importance of the time factor was sug- 
gested, that “you can’t roast a turkey by keeping it for a century in 
a refrigerator.” The statement is correct in its baldness. It fails to 
allow, however, for the fact that there are such phenomena as “thresh- 
old conditions.” Certain reactions do not commence at all until 
“critical points” have been attained, but, thereafter, proceed with 
speed and completeness largely influenced by the time factor. In con- 
nection with the culinary analogy aforequoted, it may perhaps be 
permissible to recall that the best cooked piece of beef the writer has 
ever tasted had been kept ina Fijian native “oven” for more than two 
weeks, most of the time at a temperature far below that adapted for 
the cooking of a turkey in time for the next dinner. 
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When reactions begin slowly at relatively low temperatures it does 
not follow that failure to detect their results in the assay necessarily 
indicates a negative result. How many reactions are there in which 
the delicacy of the test applied is sufficient to detect traces which are 
infinitesimal in amount? Few of the tests available in ordinary analyti- 
cal work approach in delicacy those of spectroscopy and radioactivity. 
It would be more than temerity to hold that, because a test lasting 100 
hours had failed to produce appreciable amounts of petroleum under 
given conditions, it may be stated conclusively that, under continua- 
tion of similar conditions for the geologically negligible span of 1,000 
years, the initial genesis of hydrocarbons could not occur. 

In this connection also, it must be remembered that experiments 
in vitro do not represent natural conditions, Nature is not scrupulously 
clean and tidy, and it is the sum total of the factors, not the influence 
of those which a given investigator believes to be the controlling ones, 
which determines the result. 

This diatribe may be summed up in a few words. Any laboratory 
investigation is essentially a more or less arbitrary, partial, and uncon- 
sciously prejudiced selection of factors; and can not, except very oc- 
casionally, be a strictly objective imitation of Nature’s processes. 

Let us use and appreciate the results of laboratory experiments de- 
signed to imitate nature’s processes. Let us apply the data so obtained 
in a positive direction so far as we can do so, but let us exercise great 
caution and discretion in applying them negatively to prove that 
nature could not have used them to produce a given observed result. 


SUGGESTIONS FOR EXTRAPOLATION 


If it be granted that existing conditions in dynamical geology rep- 
resent merely an “instantaneous” cross section of activity throughout 
geological time (p. 766), it is pertinent to enquire what are the out- 
standing features of this cross section, and how and to what degree 
they fail to represent the “normal” conditions of the geological past. 
An extension of this enquiry might well take the form of asking 
whether there is, ever has been, or could be a “‘norm”’ in this connec- 
tion. It may appear impertinent for an elderly Australian to institute 
such an enquiry. As has been pointed out by the writer in a number of 
papers, however, there may be some justification for this temerity. 

Geological science was born and has developed very largely in a 
“North Atlantic’ environment. Most of the workers have been 
trained around the shores of that ocean, and have received their im- 
pressions of geological structure and dynamics from the examples 
studied there. Comparatively few of them have been under the neces- 
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sity of leaving their countries for more than occasional visits to other 
lands, and fewer still have become permanently ‘“acclimatized” in 
other regions. We “outsiders” are proportionally few. The great bulk 
of geological literature deals with “North Atlantic” problems, and 
there is an unfortunate tendency for geologists to confine their read- 
ing to sources within their own countries. In these circumstances it is 
little to be wondered at that “North Atlantic” conditions tend to be 
accepted tacitly and without comment as the “normal” ones in geol- 
ogy generally, and that little or no attempt is made to seek for evi- 
dences of combinations not there represented. 

Within reasonable limits of space it is not possible to do more 
than outline what may be considered the controlling factors in “North 
Atlantic” geology. This must be attempted summarily and partially 
only. 

The outstanding features appear to be the constantly repeated 
orogenic activity at intervals from the beginning of the Paleozoic on- 
ward, alternating with periods of oceanic expansion during which 
enormous thicknesses of typically marine sediments were deposited. 
Though open-sea deposits are by no means uncommon, the bulk of the 
sediments seem to have been those of the shelf seas with land of con- 
tinental dimensions at no very great distance. With noteworthy excep- 
tions, which are to be considered later, these continental lands may 
have possessed moderate or considerable topographic relief, an aspect 
of the subject which has received some attention, but, in the view of 
the writer, considerably less than it was entitled to. 

Only to a comparatively limited extent are epicontinental deposits 
represented, and there is some suggestion in the literature that such 
episodes as the ‘Red sandstone” epochs are regarded as local and tem- 
porary interruptions, more or less of a nuisance type, in the ordered 
course of geological history in the regions affected. It is maintained 
that this view, if it really exists, is another manifestation of the “North 
Atlantic complex.” 

What really determines this ‘““North Atlantic complex’’ appears to 
be the fact that, on both sides of the Atlantic the present phase of 
dynamical geology is controlled by orogeny of more or less active type, 
more so in Europe than in North America. The great fold mountain 
ranges of the Alpine system of movements dominate western Europe, 
while the Appalachians, not of course “Alpine” in age, only quantita- 
tively less imposing, do the same on the western side of the Atlantic. 

Both sides of the North Atlantic have been subject to recent glacia- 
tion of continental character. This has obscured to a considerable 
degree the effects of early Quaternary dynamic action, both by ero- 
sion and by covering. 
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Apart from the effects of apparently world-wide rise in sea-level 
in very recent geological time both continents show dominantly the 
effects of recent positive movement of the land on a large scale. Situ- 
ated within the temperate zone and subject to rainfall varying from 
moderate to heavy, these areas exhibit par excellence the phenomena of 
river erosion and transportation, with their corollary of marine deposi- 
tion. Areas of low relief are almost entirely confined to the flood plains 
of still active rivers. There are only insignificant areas, if any, where 
“normal” subaerial denudation has ceased to function actively; there 
are no large epicontinental basins within which extensive deposits 
are being formed. There are no regions in which low rainfall, and its 
concomitant—absence of vegetable cover—are the dominating fea- 
tures. There are no widely extended marshy areas (of continental 
dimensions) within which are being deposited organically formed sedi- 
ments on a scale which can be compared with the accumulations re- 
sponsible for the production of coal measures or oil deposits. 

It is academically admitted that departures in the directions noted 
could exist, and that they may have existed sporadically in time and 
space during geological history. It is however held firmly, practically 
universally, but tacitly and subconsciously, that the “normal” proc- 
esses of geology are and always have been river erosion of the high 
lands, transportation of sediment to the sea by stream action (with 
subordinate and essentially temporary stoppages en route in valley 
deposits) and final deposition of the terrigenous detritus, together 
with large amounts of organically formed rocks built up of the remains 
of marine organisms in seas essentially of the types with which we 
are familiar. 

So completely axiomatic do such conditions appear to the vast 
majority of geologists that they are accepted as the “normal” unques- 
tioningly. 

It is the writer’s contention that, while it may eventually prove to 
be entirely correct, such an assumption is due for critical overhaul and 
survey. He believes that, had the science of geology developed, not 
around the North Atlantic basin, but in the western half of Australia, 
the emphasis on what was “normal’’ might have been differently 
placed, and that peneplanation, chemical weathering and transporta- 
tion, wind action, and production of epicontinental deposits might 
have been regarded as “normal’’; and river erosion and transporta- 
tion, and marine deposition the abnormal or aberrant. It is his wish 
diffidently to suggest that, even in the favored North Atlantic region, 
there certainly were epochs during which conditions throughout what 
are now Europe and America approximated much more closely to 
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those now existing in western Australia than to present-day condi- 
tions in Europe. He would appeal to those more favorably situated 
than himself temporarily, at all events, to re-orient themselves, and 
to consider whether or not some of the “abnormal” types of sedi- 
ment may not have been formed under conditions which were actually 
normal, universal, and persistent in the past to an extent and degree 
not inferior to those of the ‘“‘normal’’ “North Atlantic” conditions of 
the present. In the third part of this paper an attempt will be made to 
set out one such problem for discussion. It is the writer’s hope that he 
may live long enough to develop his tentative suggestions more fully, 
and to deal with certain other “aberrant” types the origins of which 
appear to be explainable by appeal to sets of conditions, not perhaps 
represented by specific examples at the present day, but nevertheless 
suggested fragmentarily here and there, and definitely possible with- 
out doing violence to the fundamental laws of nature. 

Here it is desired to put forward again, in order to provoke discus- 
sion, a theme developed by the writer during the past thirty years 
largely as a result of his extensive travels through the more arid parts 
of Australia. 

One of the greatest generalizations of the later years of the last 
century was that of the theory of the peneplain by W. M. Davis. 
This theory is so well known to the veriest tyro in geology that it is 
unnecessary to describe it at all. But while this is so, while the theory 
of the peneplain is the product of New England geology, and while 
the results of base-levelling have been observed and described all the 
world over, there seems to be a curious lack of appreciation of some 
of the ultimate corollaries of the great theory if it is driven to its logi- 
cal limits. 

A “cycle of erosion’’ or “geographic cycle” is initiated when oro- 
genic or epeirogenic elevation of a land area takes place. In the first 
stages mechanical erosion, particularly by stream action in areas of 
moderate rainfall, is, geologically speaking, extremely rapid. Subor- 
dinately other agents of denudation such as chemical weathering, in- 
solation, wind, ice, organic agents, et cetera, play their part; but the 
removal of the uplands is effected dominantly by river action. 

Everyone is familiar with the stages by which the relief of the land 
surface passes through its “life history” from juvenility, through ado- 
lescence and maturity to senility. To a much smaller extent, however, 
have geologists paused to consider what happens to exceedingly old 
land surfaces. The reason for this is that, in striking contrast with the 
rapidity of evolution of the earlier stages of topographic maturity, 
the later phases of development are almost inconceivably slow. 
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When advanced senility has been reached the land surface has 
become almost a plain. (Too often in discussing this question the sig- 
nificance of the prefix in Davis’ term pene-plain is ignored.) Only very 
isolated and low residuals of higher levels are left. The gradient of 
streams is so reduced that their flows are so sluggish as to be practi- 
cally inappreciable. Mechanical erosion has virtually ceased, and only 
chemical solution functions. The senile land surface is so nearly dead 
that animation can be regarded as “‘suspended.” 

So excessively slow are operations in such conditions that whole 
eras would have to elapse to produce any appreciable change. It seems 
probable that the time factor is so enormous that only comparatively 
rarely has the earth’s crust remained undisturbed by movements pos- 
sessing vertical components for periods sufficiently long to permit 
ideal perfection of peneplanation. Such conditions have been attained, 
however, and possibly far more frequently and over far greater areas 
than have yet been considered possible. It is to be remembered here 
again that geological reports prepared without specific attention to a 
given problem either omit all reference to the phenomena specially 
pertinent to such a problem or, at best, treat such evidence as trivial or 
subordinate. Yet, evidences of highly advanced peneplanation are 
not wanting in geological literature; the illuminating account by 
R. P. Sharp (6) gives descriptions of two ideally perfect peneplains 
developed in America at different times during pre-Cambrian eras. 
It seems certain that reading between the lines of reports prepared to 
describe quite other geological phenomena, “fossil peneplains” of 
different ages will be found to have been widely distributed in space 
and time. 

Even though ideally perfect peneplanation, resulting in virtual 
cessation of all mechanical erosion, may be comparatively rare, very 
advanced stages have been reached far more often and in many more 
areas than geologists generally are aware of. The reason for this lack 
of appreciation is that already given, namely, familiarity with the 
more active dynamics of the North Atlantic basin, and the tacit as- 
sumption that such processes are “normal.’”’ No highly maturely de- 
veloped peneplains are forced under the personal observation of 99 
per cent of the world’s geologists. 

Let us consider briefly some of the more important results of “‘ulti- 
mate peneplanation.”’ 

The relief of land surface is negligible. Mechanical erosion and 
transportation are virtually at a standstill. Atmospheric precipitation 
may be variable in amount and incidence, and the ultimate results are 
largely influenced by such differences. In any case, such waters as 
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move over the base-levelled surface do so slowly and sluggishly, rarely 
as defined streams, mostly as creeping sheets. 

Chemical weathering is strongly dominant, and is likely to be the 
more rapid and complete the higher the average temperature of the 
region, though it will have a pronounced effect even in colder cli- 
mates. Its result (always remembering that time is no object) is the 
complete decomposition of the rock minerals by that trinity of proc- 
esses—hydration, oxidation and carbonation. Soluble products of de- 
composition are removed by the slowly circulating waters, since 
velocity of flow is not significant in the transport of dissolved load. 

In this way it comes about that, from an ideally base-levelled area, 
all alkalies, alkaline earths and some of the iron of the original rocks 
have been removed completely. Some of the silica and alumina also 
have disappeared in solution (or colloidal dispersion). There remain 
behind only the least soluble constituents of the rocks, namely, silica 
chiefly in the form of quartz, some of the most resistant aluminous 
silicates, and some of the iron and alumina in the form of hydroxides. 
The formation of certain facies of aluminous and ferruginous types of 
deposits under such conditions has been dealt with by the writer 
previously (7-12). 

While there are some increases in volume resulting from the hydra- 
tion and carbonation of rock minerals it seems probable that, on the 
whole, there must be a very marked net reduction in bulk of the ma- 
terials forming the land surface. If so, the tendency is to decrease the 
already negligible relief of the surface. Under ideal conditions the more 
finely divided clay products resulting from the drastic leaching are 
likely to be covered and protected by a more or less nodular crust of 
“‘Jateritic’’ material composed of the alumina and iron oxide, so that 
there is practically no “terrigenous detrital material” available for the 
streams, even were they in a condition to use it. 

According to circumstances largely controlled by climate (wind 
conditions, absolute rainfall, seasonal distribution of rainfall, tempera- 
ture, atmospheric humidity, et cetera), there may or may not bea vege- 
tative covering, and there may be developed organic, ferruginous and 
(or) aluminous or saline deposits in depressions on the land surface. 
In addition to the subjects of this type already discussed by the writer 
he hopes to deal with other aspects in a future paper. 

Let us briefly consider also the implications of such a set of condi- 
tions as they may affect deposits in near-by seas, if such exist, as exist 
they must. 

The enormously protracted still-stand which alone can lead to the 
development of a peneplain by base-levelling of a continental land 
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mass must necessarily have equally pronounced effects on the adjacent 
sea bottom. Equilibrium of erosion and deposition must prevail there 
also. Wave and current erosion of the coastwise sea floor assists in pro- 
ducing a continental shelf of noteworthy dimensions which is covered 
with ordinary marine deposits to an extent which is in equilibrium 
with marine erosion. 

Wave action does not cease with effective river erosion of the land 
surface, but goes on with unabated force, limited only by the degree 
to which submarine planation influences wave erosion. The actual 
nature and form of the coast line under conditions of ultimate pene- 
planation must certainly vary with the nature of the rocks forming 
the continental platform both above and below sea-level, and with the 
nature of the exposure of the coast to prevailing winds and currents. 
Rock formations susceptible to relatively rapid mechanical erosion, 
such as alternations of hard and soft sediments forming weak struc- 
tures, may succumb fairly rapidly, and may, at the same time, give 
rise to mechanically formed sediments on the sea bottom, a possibility 
which should be kept in mind in the third part of this paper. 

If, however, the continental rocks are strongly consolidated it 
seems probable that coastal recession through wave and current attack 
may be slight, and that collateral deposition of marine detrital de- 
posits may be inappreciable. In such conditions quite “abnormal” 
marine deposits may be produced. It is to be remembered that, owing 
to the completely leached character of the continental surface postu- 
lated by the very fact of ultimate base-levelling, continental waters 
entering the adjacent marine basins are devoid of alkalies and alkaline 
earths. They are therefore unfavorable for the development of lime- 
stones generally, and ii does not appear very unlikely that such cal- 
careous organisms as do exist on the sea floor may be impoverished and 
characterized by thin shells. . 

On the other hand the run-off waters contain as their main dis- 
solved mineral constituents iron, alumina, and silica. Of these, the iron 
and alumina are apparently rapidly and effectively flocculated (Moore 
and Maynard, 3) and deposited. Soluble silica is less rapidly and com- 
pletely precipitated, and the results of Moore and Maynard seem to 
suggest that a considerable fraction of the total dissolved silica may 
remain in solution. In such conditions the environment may be spe- 
cially favorable to siliceous organisms, and deposits characterized by 
radiolarians may be produced. Unfortunately, at this point it does 
not seem possible to check the accuracy of the extrapolation by appeal 
to actual examples. Though the hinterland of the northwestern part 
of Australia offers us a ‘“‘colorable imitation” of a very mature pene- 
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plain, the writer is not aware that the nature of the near-by marine 
deposits has been determined at all exhaustively. Certain it is that, 
while there are small living fringing reefs of coral on the limestone 
coast of North West Cape, Western Australia, corals generally are 
not conspicuous on this coast, in very marked contrast with the coasts 
of Queensland in the same latitude on the eastern side of Australia, 
where the geographic cycle is in a very juvenile stage. 

The writer ventures to hope that, while the extrapolation leading 
to the consideration of the conditions characteristic of an ideally per- 
fect peneplain are admittedly largely theoretical in nature, there is 
little or nothing in the subsequent development which is not reason- 
ably plausible, and nothing at all contrary to the fundamental laws of 
nature. Conditions in the western two-thirds of Australia have ad- 
vanced a long way toward the ideal here set out, and provide a reason- 
ably solid foundation of fact for the theory. The conditions described 
by R. P. Sharp (6) seem capable of being interpreted as evidence in 
favor of the existence of “fossil’’ ultimate peneplains. 

The absence of similar evidence in Europe and eastern North 
America can be explained by the “abnormality” of that region from 
the point of view of peneplanation, which also possibly explains why 
Davis’ great generalization is less widely referred to in European geo- 
logical literature than it deserves to be. 

Is there any evidence in the North Atlantic region of the develop- 
ment, in the intervals between Caledonian and Hercynian and be- 
tween Hercynian and Alpine orogenies, of conditions approximating 
those of ultimate peneplanation? Would the assumption of such con- 
ditions simplify the explanations of the nature of certain of the marine 
deposits, and would it remove some of the puzzles and apparent para- 
doxes and contradictions met with in a study of the literature? This 
literature is so voluminous that even the most assiduous student in 
either Europe or America can not be familiar with more than a frac- 
tion of that emanating from his own country. It is obviously hopeless 
for an outsider, unfamiliar with even the geographical setting of the 
descriptions, to attempt to answer the questions asked. It is hoped that 
some students with adequate facilities may be induced to approach 
the problem with minds sufficiently open to the possibilities to enable 
them to reach a decision as to the general feasibility and plausibility 
of the thesis. 

PSEUD-ABYSSAL DEPOSITS 

The writer’s attention has been drawn to this subject recently in 
the course of studies on the relation between the sedimentary deposits 
in the marine geosyncline of the East Indies and the contemporaneous 
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epicontinental deposits in Australia. He hopes to deal with this subject 
more exhaustively in a future paper. Here attention will be directed 
very briefly and tentatively to one aspect of the problem for which the 
thesis of the present paper, if it proves acceptable, may provide a 
possible explanation. 

There have been described from many of the islands of the East 
Indian Archipelago deposits of “radiolarite’’ of aberrant character, 
for which a number of the world’s leading geologists have claimed an 
abyssal origin. 

The problem has been handled in so complete a fashion by Rutten 
(4, especially pp. 262-68, 693-94, 701-02, 707-08, 723-24, 728, 736) 
that it appears preferable to adopt his summary rather than to detail 
all the individual contributions by various authors, fully cited in the 
exhaustive bibliographies provided by him. Such of these original 
sources as are available in Sydney have been studied by the present 
writer. 

Rutten cites the existence of ‘“‘radiolarites” in many of the islands 
of the Archipelago, notably in Borneo, and in the islands of the “‘Outer 
Banda Arc” including Rotti, Timor, Letti, Ceram, and a number of 
smaller islands. Throughout the whole of this very considerable range 
of distribution there is a remarkable constancy in facies and in asso- 
ciation of these rocks. 

The dominating facies is most fully described in the account given 
of the “facies” of the Danau formation of Borneo (4, pp. 262-68), 
named and described first by Molengraaff. This formation consists 
largely of siliceous rocks of various kinds associated with very abun- 
dant basic and ultra-basic igneous rocks, many of which are tuffaceous. 
Hinde has described a very rich radiolarian fauna from the siliceous 
rocks and from the diabase tuffs. After detailed discussion of the evi- 
dence as to age, Molengraaff leaned toward the view that the age of 
the formation was Jurassic. Wanner is more inclined to consider it 
Triassic. The association in other islands of the archipelago with rocks 
of Trias-Flysch facies of “‘radiolarites’’ essentially similar to those of 
the Danau formation rather supports the latter view. 

Rutten says (4, p. 263)! 

Molengraaff has definitely taken up the position that in the ““Danau 
deposits” we have to do with a formation which was deposited in a very deep 
ocean and very far from land. . . . He comes to the conclusion that the for- 
mation was deposited in the deep sea for the reason that at the present time 
lime-free, radiolarian sediments are known only in the deepest oceans. Thus 
the radiolarites must be none other than the silicified ‘““Radiolarian Ooze” of 
Murray [‘“Challenger” Expedition], while the red radiolarian clay shales of 
Central Borneo must correspond with the recent “red clay.” 


4 Extracts are translations by the writer. 
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This quotation is a perfectly definite and unequivocal statement of 
the doctrine of uniformity in its most limited and rigid form by one of 
the greatest leaders in geology in our time, and serves to illustrate 
the hold which that doctrine has on geological thought. No criticism 
of the great Dutch geologist is implied in this statement. 

As is well known, the characteristics of abyssal deposits in existing 
seas include: extreme fineness of texture; uniformity over vast areas; 
absence of calcareous organisms, due, it is thought, to selective solu- 
tion of calcareous plankton remains during their slow sinking from 
the surface; abundance of siliceous plankton, especially radiolarians; 
absence of anything more than a trace of “terrigenous” sediment; 
presence of very characteristic manganese nodules; occurrence of fos- 
sil sharks’ teeth with the dentine removed and only the enamel left; 
and an environment dominated by the equatorward drift of the ice- 
cold polar waters. The deep current is so exceedingly slow that the 
effects of mechanical transportation of even the finest materials are 
negligible. The fact that radiolarian ooze is abundant in the cold 
Antarctic seas at depths of 2,000-3,000 meters, and that radiolarians 
are abundant in abyssal deposits in tropical seas at depths greater 
than 5,000 meters must be given due weight. 

Molengraaff points out that each and every one of these character- 
istics is exhibited by the ‘‘radiolarites” of Borneo and by rocks of 
apparently identical facies in Timor, Ceram, and smaller islands of 
the ‘Outer Banda Arc.” ‘Piling Pelion on Ossa and Ossa on Olym- 
pus,”’ Molengraaff has prepared a table indicating that the selective 
elimination of the calcium carbonate of sediments with increasing 
depth is exhibited at the present day in the deep “‘oceanic sinks,” 
encountered within the existing seas of the Archipelago, at depths ap- 
proximately half those of similar phenomena in existing open-ocean 
abysses. 

Such a combination of “circumstantial evidence” would apparently 
be sufficient to convince any unbiassed jury were it advanced in a 
court of law. And yet the writer has the temerity to suggest reconsid- 
eration of Molengraaff’s weighty verdict on the formations in ques- 
tion (4, p. 264) “that the sea in which the Danau formation was pro- 
duced was not only deep, but was also distant from land.” 

The reason for this skeptic attitude is that, while, unquestionably, 
the facts presented by Molengraaff constitute “the truth and nothing 
but the truth,” they do not, in the writer’s opinion, represent “the 
whole truth.”” There is, throughout the accounts given by numerous 
authors, independently, of the occurrences of ‘“‘radiolarites” of Danau 
facies throughout the East Indies, a constant reiteration of the fact 
that such rocks are without exception encountered cheek by jowl with 
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coarse-grained detrital sediments, some of which are even conglom- 
eratic in character, and (or) with “normal’’ open, but shallow-sea 
deposits. In many instances it is not simply a question of succession 
of beds of such diametrically opposed facies, but actually alternation 
thereof. It is believed that this fact definitely and finally excludes the 
possibility of a “normal” abyssal origin for the formations in ques- 
tion. 

It might be argued that succession of two strongly contrasted types 
of sediment could be brought about by major tectonic movements. 
The actuality of such movements is not questioned. Geology is full of 
examples of them. Marine deposits of comparatively recent date are 
met with more than 10,000 feet up on the Alps and Himalayas and 
other existing fold mountains. From “old continental platforms”’ (2) 
many miles of superincumbent rocks have been removed. Faults with 
vertical displacements of tens of thousands of feet do not engender sur- 
prise or skepticism. Most or all of the great oceanic “deeps” are 
bounded by fault scarps of the most stupendous kind. But while there 
is no doubt about the reality of enormous vertical movements within 
the earth’s crust, credulity is strained unduly if we are asked to believe 
that a shallow-water deposit, formed close to a coast line, can immedi- 
ately cover, or be covered by, a typically abyssal deposit without any 
evidence of disturbance in the process. 

A single apparent instance or a few examples might be explained 
by nappe development in connection with “alpine” orogeny; but the 
systematic recurrence of exactly the same phenomenon at scores of 
widely separated points places such an explanation beyond the bounds 
of probability. Still less is it possible to visualize the recurrent inter- 
calation of such incompatible facies as the result solely of earth move- 
ment. One convulsion of the magnitude demanded might be conceded; 
credulity will not stand the strain of veritable Jack-in-the-box antics 
on the part of a really staid and respectable earth’s crust. 

In Molengraaff’s view there is also involved not only abyssal ocean 
depth, but also great distance from land. Though by no means so 
weighty a consideration as that involved in the intrinsic improbability 
of sudden, extreme, and repeated vertical oscillations, the rapid lateral 
advance and retreat of the coast line to exactly the requisite degree 
create some little difficulty. 

Were the combination of vertical movement and sudden advance 
of coast line actual fact there would suddenly have come into existence 
extremely high continental land immediately bordering the shallow 
sea. Quite apart from the disturbances resulting directly from such a 
sudden upheaval it appears inevitable that the new geographic cycle 


‘ 


GEOLOGICAL EXTRAPOLATION AND SEDIMENTS 781 


so initiated must have been of the most extreme type. River erosion of 
the phenomenally high continental land must have been so spectacu- 
‘lar as to lead to the deposition not of sandstones and greywackes but 
of enormous thicknesses of the coarsest of conglomerates and breccias. 
The succession of superlatives used in the last few sentences is prob- 
ably inadequate to describe the convulsions of Nature inevitable as a: 
result of the instantaneous change-over from abyssal, central oceanic 
conditions to those of shallow near-land accumulation. The soft, thin 
and unconsolidated deposits of abyssal “‘red clay”’ could not have pos- 
sibly survived exposure to the strong currents which must have super- 
vened. 

These difficulties have been fully recognized and discussed by many 
investigators, and alternatives have been sought and suggested. In a 
masterly analysis of the problem, Rutten (4, pp. 266-68) records that 
Verbeek has described a radiolarian hornstone from Banka intercal- 
ated in a coarsely clastic formation. Easton has referred to extensive 
developments of radiolarians in Mesozoic sediments of western Bor- 
neo. Scrivenor, while agreeing with Molengraaff as to the abyssal ori- 
gin of the radiolarites of Central Borneo, describes other radiolarian 
rocks from the Moluccas which he considers must have been deposited 
in shallow water. Rutten himself has found similar deposits in Ceram. 

According to Rutten, J. Wanner has put forward the most accept- 
able alternative to resolve the dilemma. He states 


If we review now the question of the genesis of the radiolarites, a strong 
argument in favor of their deep-sea origin is that they exhibit exceedingly 
close similarity in their petrographical characters with formations now being 
produced in the abysses, while in no shallow sea are sediments being formed 
which resemble the radiolarites. 


The italics are not in the original. They have been introduced to 
illustrate again the implicit assumption of the more limited enuncia- 
tion of the doctrine of uniformity. 

The quotation proceeds 


On the other hand the constantly repeated alternation of radiolarites with 
quite coarse grained clastic sediments argues against deep sea deposition. 
Recently J. Wanner has made an attempt to bring the two points of view 
into harmony. He believes that the radiolarites are formed, as suggested by 
Molengraaff, in deep synclinal troughs. On the rims of such troughs there are 
islands rising more or less above sea level, so that some clastic material is 
delivered to the deep seas. If the region is subjected to oscillatory movement, 
which is not only possible but probable, so that the islands sometimes rise, 
sometimes sink, they could form high land masses around the sea basins dur- 
ing periods of uplift with the result that, at such stages, preponderatingly 
clastic material could be introduced into the geosynclinal troughs, so that 
normal clastic sediments could be deposited on top of the radiolarites. 
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While expressing an open mind on the subject, Rutten is strongly 
inclined to accept Wanner’s explanation. To some extent this sug- 
gestion removes the most outstanding quantitative difficulties inher- 
ent in what may be termed the “normal abyssal theory.’”’ Compara- 
tively near-by land is accounted for, and the oscillations invoked, 
though still gigantic, are somewhat less grotesque. There still remain 
some unsatisfying aspects, however. 

The abyssal facies of the radiolarites, the absence of calcareous 
organisms to a large extent, and the paucity of mechanically formed 
sediments do not appear to be plausibly accounted for. Moreover, the 
main difficulties mentioned in the criticism of the normal abyssal 
theory are only alleviated and not completely removed. 

It is for this reason that another, perhaps fantastic suggestion is 
advanced which may be considered worthy of discussion. As stated 
earlier in this paper, the result of a negative verdict in such a debate 
can not fail to clear up some ideas, and may point the way to a more 
complete and satisfactory solution of what is a knotty problem of far- 
reaching importance. 

It is necessary again to consider the characteristics of abyssal 
deposits which differentiate them from ‘“‘normal”’ sediments. As pre- 
viously stated (p. 779) these include: extreme fineness of texture; 
uniformity over vast areas; absence of calcareous organisms; abun- 
dance of siliceous plankton; absence of much terrigenous sediment; 
presence of manganese nodules and occurrence of sharks’ teeth pecu- 
liarly preserved. 

It is reasonably clear that, at the present time, the environment 
suitable for the production of such sediments is provided only in the 
great ocean abysses, far from land. There remains a very slender 
chance that, in some out-of-the-way relatively shallow corner of the 
ocean, not so far subjected to extensive oceanographic research, the 
essential conditions may be discovered. That little traversed and rela- 
tively unknown area off the northwest coast of Western Australia may 
be mentioned in this connection. 

At the present time, however, great ocean depths and great dis- 
tance from land provide the only environmental conditions capable of 
providing all the essentials for deposition of “‘red clays.”’ And yet in 
the case of the radiolarites of the East Indies, possessing a most im- 
posing list of characteristics apparently identical with the criteria of 
the “red clays,’’ we encounter the fact of intercalation with coarser 
detrital deposits which could not possibly have been laid down under 
abyssal, central-ocean conditions. Is it not possible that here we have 
a case of the existence of a number of ‘common factors,” and that, if 


4 

. 


GEOLOGICAL EXTRAPOLATION AND’ SEDIMENTS 783 


these are “cancelled out”’ we shall be left with a “quotient” in simpli- 
fied form which may provide us with the solution of the problem? 

It is tacitly assumed that both deep water and distance from land 
are the controlling factors. More immediately, and without rather 
long-range assumptions, however, it seems clear that the character- 
istics mentioned indicate: (i) entire absence of effective currents; (ii) 
chemical conditions favorable to the retention (or existence) of sili- 
ceous organisms, but inimical to the existence (or retention) of 
calcareous ones; (iii) conditions favoring extensive solution of such 
types of organic matter as the dentine of sharks’ teeth; (iv) conditions 
favoring the formation of manganese nodules; (v) conditions not ex- 
cluding the introduction of nekton organisms, but almost or quite 
excluding extensive colonization of the sea bottom by a varied ben- 
thonic assemblage of organisms similar to those which exist at every 
bathymetric zone under normal marine conditions. 

The suggestion is advanced that possibly all the required condi- 
tions might be developed by a combination of the phenomena of ulti- 
mate peneplanation outlined in the second part of this paper, with the 
temporary and intermittent existence of “‘barred basins” of the types 
suggested by the author in previous papers (10, 11) or by other types 
of such basins not so far thought of. 

It appears that, in a region within which peneplanation of the con- 
tinental surface has occurred, with collateral development of highly 
advanced equilibrium of processes in the adjacent marine areas, we 
have: (i) reduction of transportation of terrigenous sediment to neg- 
ligible proportions; (ii) practically complete absence of calcium com- 
pounds from run-off waters; (iii) presence in such waters of soluble 
silica, and probably also of iron hydroxide and alumina in colloidal 
form; (iv) possibly (but by no means certainly) noteworthy carbona- 
tion and low oxygenation of the waters; (v) presence in the waters of 
organic acids and (or) bacterial development. 

Scrivenor (5) has already suggested that solution of igneous ma- 
terial and lateritic tropical weathering may produce waters so much 
higher in absolute or relative content of dissolved silica as to favor the 
preponderant development of radiolaria rather than of calcareous 
plankton, and the references to radiolarian development previously 
cited (4, pp. 266-68) lend support to this. The writer would go some- 
.what further, and would argue that lateritic tropical weathering is 
only one phase of the process of ultimate peneplanation; and that the 
lack of calcium carbonate is, in such conditions, not only relative but 
absolute. 

In another place (12), the writer has given reasons for the local 
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precipitation and accumulation of the excess of iron and alumina. 

The exact origin of the manganese nodules is apparently still an 
open question. Manganese is a minor, but well nigh ubiquitous con- 
stituent of rocks of all types. In the “normal” sediments it is present 
usually in the form of dioxide as a coloring matter forming exceedingly 
thin pellicles on the surfaces of detrital grains of quartz and other 
resistant minerals. Of the more usually occurring metallic constituents 
in the rocks it is the only one which characteristically forms a dioxide. 
The writer’s chemistry is not adequate to discuss the question as to 
whether this tendency may not be that which determines the produc- 
tion of manganese nodules under the very occasional and unusual 
(the writer declines to refer to them as “abnormal’’) circumstances 
encountered in any environment in which the access of usually pre- 
ponderating amounts of the “commoner” metals and of mechanical 
sediments becomes inadequate to mask the generally subordinate per- 
centage of manganese available. 

The development of manganiferous “‘lateritic’’ deposits in India, 
and in the Gold Coast and other parts of West Africa, shows that, 
when the percentage of manganese present in the rocks of a “‘lateri- 
tized” region is sufficient, manganese plays an important rdéle in the 
constitution of the epicontinental deposits. Not unreasonably we may 
expect higher proportions of manganese in the run-off waters under 
similar conditions. 

The manganese nodules of the abyssal “‘red clays” are generally 
attributed to the decomposition of basic igneous rocks, which are the 
chief, if not the sole contributors to such deposits of solid material in 
any but the finest state of comminution. It is noteworthy that nearly 
all observers in the East Indies have commented on the constant 
association of abundant basic and ultrabasic igneous rocks with the 
radiolarian deposits, and that Hinde has found many of the diabase 
tuffs crowded with radiolarians. 

With some diffidence, then, it is suggested that, under the condi- 
tions of ultimate peneplanation postulated, combined with those of 
barred basins now to be considered, the formation of manganese nod- 
ules need cause no surprise. 

Some of the other criteria appear to require something more than 
ultimate peneplanation for their genesis. It does not seem to bea nec- 
essary corollary that even the most complete senility of topographic 
development above and below sea-level must inevitably connote stag- 
nation, and development of conditions on the sea bottom favorable to 
extensive solution of mineral matter and inimical to colonization by 
appropriate marine organic assemblages: quite the contrary as a rule. 
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It is hoped, in the sequel, to suggest instances in which “normal” 
marine sedimentation may have functioned along with ultimate pene- 
planation of continental areas. 

The complete inhibition of current action conclusively proved by 
the characteristics of the radiolarites postulates some sort of barrier 
to the free movement of sea waters. Generally the sea bottom around 
a completely base-levelled continental area, though possessing very 
little relief, must be open to the passage of those sea currents which 
ordinarily flow parallel with most coast lines. Such currents not only 
distribute terrigenous and marine detritus, if available, but they bring 
such fresh accessions of ordinary sea water as to maintain “normality” 
of composition. Equilibrium of balance between dissolved constituents 
could scarcely fail to occur in such cases. The preponderance of silica 
and the defect of lime favored by the nature of the run-off waters 
would be almost entirely offset by the accessions of open-sea water. 
The waters of the continental shelf in such circumstances would be 
neither markedly selectively solvent, nor inimical to ordinary marine 
life. 

To secure aberrant conditions it is necessary to postulate some kind 
of obstacle competent to inhibit tidal and oceanic currents, prevent 
free normalization of coastwise waters by those of the universal ocean, 
and develop toxic and solvent conditions at the sea bottom. 

As has been more fully developed in another place (11), it appears 
reasonable to suggest that the development of “bars’’ of a more or 
less temporary character may be competent to produce the requisite 
conditions. Such bars may be due to irregularities in bottom contours, 
to earth movements of a moderate character, to accumulation of sedi- 
ments or volcanic materials, or possibly to other causes. It seems not 
unreasonable to suppose that the very gently sloping sea bed which 
is the most probable result of extreme maturity of erosional develop- 
ment may be peculiarly favorable to the construction of such barriers. 

A “bar” cutting off free access of deeper oceanic circulation while 
permitting more or less unrestricted inflow of surface waters may 
produce conditions ideal for the development of the types of deposit 
immediately under consideration. Since the effect of storm waves is © 
almost completely superficial, and, at all events decreases rapidly with 
increasing depth, the essential characteristic of perfect stillness at 
depth is therefore secured. 

As has been shown by many observers, perfect quiescence favors 
the development of ‘“euxinic” conditions in deep waters. By hypothe- 
sis the waters derived from the land, being devoid of any but sluggish 
movement, are neither mechanically nor chemically capable of disturb- 
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ing such toxic conditions. Robbed of oxygen by organic matter and 
high in sulphuretted hydrogen, such waters entirely inhibit coloniza- 
tion of the sea floor, as is the case, on a small scale, in the Black Sea 
at the present day. A selective solution of carbonate of lime, and pos- 
sibly also of dentine is to be expected. 

Since there may still be a fairly free passage of the extremely su- 
perficial waters of the sea across the submerged parts of the rim of a 
“bar” or through openings in a “‘barrier”’ (11), the access of “‘normal”’ 
plankton and of nekton organisms from the open sea is not excluded. 
If, in addition, there is any strong tendency for the maintenance of 
an onshore set, as would be the case, for instance, if aridity of climate 
caused excess of evaporation of the waters in the barred basin, such 
indraught of floating organisms would be favored. In this way there 
could be introduced floating micro-plankton, such types of larger or- 
ganisms as the floating cephalopods, once strongly represented by the 
ammonites and now typified by Nautilus, and surface-swimming fish 
like the sharks. 

Under the conditions postulated, at all events if aridity of climate 
did not introduce complications, the sluggish run-off waters would 
spread over the surface of the basin, increasing the proportion of dis- 
solved silica, and decreasing, by dilution, the percentage of calcium 
carbonate. This would favor the strong development of siliceous plank- 
ton organisms and the impoverishment or exclusion of calcareous ones. 

Of the ‘‘common factors”? mentioned this accounts, more or less 
plausibly, for all but the great extent of uniform conditions which is 
so marked a feature in abyssal deposits. When one comes to study 
the distribution of the Moluccan radiolarites, this particular difficulty 
assumes less serious proportions. From the descriptions given, these 
rocks appear rather to form long narrow strips than wide areal exten- 
sions. If this is so, the development of sufficiently commodious narrow 
barred basins parallel with the shore does not present insuperable 
difficulties. It must be remembered that the type of peneplanation 
visualized is continental in dimensions. Further, a structure like the 
Great Barrier Reef of Queensland, if closed at its southern end, and if 
backed by a low hinterland, would provide a collecting area sufficiently 
large for purposes of strict comparison. 

The all important “quotient” formed by the ‘‘anomalous” inter- 
calation of detrital rocks remains to be considered. It is probably on 
the success or failure of an adequate explanation of this peculiarity 
that success or failure of the present theory must rest. 

To permit such intercalations there must be an easy method of pro- 
ducing a vital change in conditions; and, to improve on the suggestions 
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of Wanner and others, this process must dispense with earth move- 
ments of high frequency and amplitude. It is suggested that periodical 
and intermittent breakdown or destruction of a bar is not difficult to 
postulate. If the bar is formed by irregularities in the bottom contours 
of the sea floor, such floor being formed of strongly consolidated rock 
types incapable of wholesale erosion by the weak forces available, 
slight oscillations of sea-level would be sufficient to account for the ob- 
served effects. Such slight oscillations do not impose such strain on 
credulity as do rapidly alternating uplifts and depressions amounting, 
be it noted, to tens of thousands of feet on each occasion, and carried 
out with such rapidity and exactness as not to disturb the uninter- 
rupted continuity of regular sedimentation. 

One obvious difficulty here presents itself. In the case of such rock- 
floored basins, elevation of the land surface and sea bed would accent- 
uate the barred conditions, and might lead to complete exclusion of 
the ocean altogether, a set of circumstances more conducive, perhaps, 
to the formation of salt or oil deposits than to those of the marine suc- 
cession under consideration. On the other hand, relative rise of sea- 
level, while permitting the entry of more open-sea conditions, would 
still further reduce the capacity of the already ineffective land mass 
to contribute its quota of detrital material. The assumption of an 
oscillatory tilting movement would be free from this objection, and 
does not appear by any means an improbable contingency, especially 
since isostatic rise of the denuded continental surface and depression 
of the ocean floor further seaward through loading by marine depos- 
its must operate in the appropriate sense. 

If the bar is composed of fragmental material, its alternate con- 
struction and destruction are easier to ‘:nagine. It need not call for 
any earth movement at all, though an oscillatory movement of small 
dimensions is not excluded and would be helpful. 

Formation of an effective bar by offshore deposition of sediment is 
possible, particularly on a very gently sloping bottom, and with an 
ocean current parallel with the shore but at some distance seaward. 

Still more easily could there be formed a bar by a series of subma- 
rine eruptions. Such a method is a distinct possibility in the case of 
the Mesozoic formations of the East Indies, since, as already stated, 
there is abundant evidence of vulcanicity producing basic and ultra- 
basic lavas and tuffs. As previously mentioned, such basic rocks may 
well have been the source of the manganese represented by the man- 
ganese nodules of the Timor radiolarites. 

Another fact which may conceivably. point toward the develop- 
ment of bars formed by igneous materials is that many if not most of 
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the intercalations of fragmental rocks are classified as ““greywackes”’ 
and not as sandstones, thus suggesting an admixture of considerable 
proportions of ferromagnesian minerals. 

Destruction of a fragmental bar could be effected by many differ- 
ent causes. Violent earthquake, explosive vulcanism, or drastic change 
in direction or intensity of ocean currents might create the breach. It 
must be noted, however, that periods of persistence of the bar and 
periods of absence thereof must both be of notable duration. The rate 
of accumulation of deposits of “red clay” facies, whether they be of 
true abyssal or only pseud-abyssal origin, is extremely slow, and the 
building-up of even a few meters thickness can not be accomplished 
without continuance of stable conditions for intervals of noteworthy 
length, geologically considered. 

Adherents to the strict and limited doctrine of uniformity will im- 
mediately bring forward a very weighty argument. They will say, 
show us a bar, and we shall be prepared to debate the subject. The 
weakness of the position is frankly admitted—the necessary exhibit is 
not forthcoming. 

For this failure there is perhaps some excuse. 

Firstly, in the very nature of things, the bars themselves are struc- 
tures of small lateral dimensions. Under the best of conditions very 
detailed geological ad hoc survey would be called for to detect their 
presence and to delineate their forms, even if they are exposed in out- 
crop. 

Secondly, in the majority of instances they are likely to be ephem- 
eral. The recurrence of “normal” sedimentation presupposes destruc- 
tion and removal of the bar. 

Thirdly, and probably chiefly, the specific suggestion of the 
“barred basin’’ is a new one. Geologists have not looked for the evi- 
dences of any such structure, and have interpreted variations of facies 
encountered by means of classical standards which do not involve the 
“bar” at all. It may be that, if and when ad hoc observations are car- 
ried out, fossil bars may be brought to light, though, for the reasons 
given in the immediately preceding paragraphs, the prospects of dis- 
covery of such structures are not high under the best of conditions. 

The argument that existing barred basins can not be cited as ex- 
amples the writer considers to possess small weight. As has been sug- 
gested in the first part of this paper, present-day conditions can not 
be assumed to be entirely typical and “normal,” and may, in fact, be 
very abnormal, in that they are dominated by widely distributed and 
still active orogeny, superimposed on which is the universal post-gla- 
cial drowning of coastal areas. If the penultimate dynamical activities 
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had permitted the formation of barred basins they would have been 
“drowned” by the recent rise in sea-level. 

Very detailed investigation of the topographic relief of the floors of 
continental shelves might reveal structures which could have func- 
tioned as barred basins before the post-glacial rise in sea-level. It 
seems likely, however, that the orogenic activity of late geological 
time may have been specifically unfavorable to the development of 
such structures. 

A further, and still more hypothetical, extension of the theory is 
suggested by the reading of a paper by Andrée (r1). 

He deals exhaustively with the problems of deep-sea sedimenta- 
tion, and refers to many deposits which have been classed as abyssal, 
the radiolarites of the East Indies included among them. He, too, 
refers to the outstanding difficulty of what the writer has ventured in 
this paper to call the ‘‘quotient”’ left after cancelling out the “common 
factors” of true abyssal and pseud-abyssal sediments, namely, the in- 
tercalation in deposits of this facies of ordinary and in some places 
coarse-grained mechanical sediments. He is not prepared to accept as 
proved the abyssal character of the Moluccan radiolarites, or of the 
closely analogous radiolarian siliceous rocks of the Alpine Trias and 
other homologous formations. It is not the intention here to deal ex- 
haustively with this subject. It is desired only, at this stage, to suggest 
the desirability of critical application to this subject, by European 
geologists possessed of the necessary local knowledge and the necessary 
observational and bibliographic facilities, of the possibilities of ap- 
plication thereto of the concepts of ‘ultimate peneplanation” and of 
“sedimentation in barred basins.” 

Analogous problems are presented by the mutual relations between 
the radiolarian sediments of the Carboniferous in Europe and the 
Posidonia beds with their Goniatites and thin-shelled bivalves, and the 
greywackes and Culm facies. A deep-sea origin has been held strongly 
by many of the authors cited by Andrée in regard to the Posidonia 
beds and the radiolarian rocks; but this view is opposed by Andrée to 
some extent. He points to the sudden wedging-out by repeated inter- 
calations and not by continuous change of facies between the Posi- 
donia beds and the Culm facies at about the line of the right bank of 
the Rhine. He draws the conclusion that (1, p. 375) 


the depths of deposition of the two must have been nearly the same, and 
cannot have been so different as those between reef limestones and deep-sea 
deposits, and that the differences in the sediments may have had their origin, 
to no small extent, in the introduction of different kinds of materials and in 
differences in their fauna. 
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Without having the temerity to attempt to discuss this much de- 
bated question at all fully, the writer ventures to make the suggestion 
that the radiolarian siliceous deposits referred to may have had an 
origin similar to that here suggested for the Jurassic (?) radiolarites of 
the East Indies, and that the Posidonia beds ‘‘with their Goniatites 
and thin-shelled bivalves” (1, p. 373), likened by Frech to the “blue 
clays” of the outer slopes of existing continental shelves, may repre- 
sent deposits in barred basins. The introduction of Goniatites by in- 
drifting of floating nautiloid cephalopods from the open sea over or 
through the barrier is paralleled by the occurrence of closely related 
cephalopods in the formations of the Irwin River in Western Australia; 
while the shell impoverishment of the bivalves may be due to lack of 
supply of lime from a highly leached hinterland. 

With Andrée’s conclusion (1, p. 369) that “it has become ever 
plainer that the nature of a marine sediment depends less on depth 
than on nearness to the coast; and is influenced by the nature of the 
sediments carried into the sea by currents,” the writer is in full agree- 
ment. Andrée’s main thesis is that the nature and extent of the water 
movements provide the controlling factors in the problem. To this 
the writer adds the effects of stages of geographic evolution of higher 
maturity than any with which we are familiar at the present time, as 
ultimate controls of both nature of sediment supplies and extent and 
types of water movements. 

Still more diffidently it is suggested that the classical view of the 
origin of such well investigated marine formations as the European 
Jurassic and Cretaceous systems should be reconsidered from the 
angle here proposed, with a view to assessing the possibility that they 
were laid down, not necessarily in very deep oceans very far from 
land, but in shallower seas nearer to lands which were so completely 
base-levelled as to be ineffective as sources of terrigenous sediment. 
In such case, the marine sediments would be those of open sea and 
not of closed basins the waters of which were rendered ‘‘abnormal” as 
a result of exclusion of sea water by bars. 

Is it not a fact that the known shore lines of the Mesozoic seas 
were not so distant from the geosynclines where deposition was taking 
place as to account readily for the semi-abyssal character of the sedi- 
ments formed? Would not the concept of an adjacent but ineffective 
continental mass better accord with the facts than does the classical 
interpretation? Is it not even possible that, far from events between 
the close of Caledonian orogeny and the inception of Hercynian move- 
ment being in all respects identical with the dynamics of the present 
day, there may have been a gradual evolution of ultimate peneplana- 
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tion going on, with many breaks and oscillations, but in a general uni- 
lateral direction all the time? Is it possible that the ‘Old Red sand- 
stone’’ formations represent the earlier and more continental stages 
of this process, and that the Carboniferous limestones, deposited in 
open sea, and the Coal Measures deposited apparently on far-extend- 
ing continental surfaces of extraordinarily low relief may represent 
the more mature stages? Was the initiation of Hercynian movement 
the signal for recommencement of the entire process, with the develop- 
ment, first of the continental ‘“New Red sandstones” of Permian and 
Triassic (with their many ‘‘anomalous” members), and later of the 
placid marine deposits of Jurassic and Cretaceous time in Western 
Europe? Could the “anomalous” “red clay” facies of radiolarian rocks 
met with apparently in Triassic and Jurassic time in the Alpine area 
have been “‘barred basin” deposits, and not abyssal clays? Is it not 
possible that, to a minor and less perfect degree, the ‘‘red” and salif- 
erous Oligocene rocks represent a minor recurrence of the same kind 
of cycle, interrupted, before completion, by the onset of the main 
Alpine orogeny? Is it not well nigh certain that in the long intervals 
between the major orogenic periods, dynamical processes developed 
and maintained many characteristics, “‘normal’’ for the time being, 
but in striking contrast to the dynamical processes of geology which 
we can study to-day, at a fortuitous “instant” of geological time, when 
such processes are controlled and dominated by recent and as yet 
incomplete mountain-building movements over the greater part of the 
continental areas? 

A great temptation is presented to step in “where angels fear to 
tread,” and to suggest explanations for the apparent abyssal and 
mid-sea character of the “puzzling incompleteness in the sedimenta- 
tion of the pelagic Alpine Jurassic unbroken by any continental inter- 
lude” (Andrée (1), p. 416) as being due to barred-basin deposition 
in waters of composition so different, periodically, from those of the 
open seas as to exclude the abundant marine life of the period, per- 
mitting only the indrift of floating forms, alive or dead. Phenomena 
of periodic “etching of limestones” (1, p. 413), and absence of ter- 
rigenous deposits are other tempting subjects for speculation. 

Mindful, however, of the category to which are relegated those 
who step in, in such circumstances, caution and amour propre suggest 
that such comparisons and deductions be left to those who, by reason 
of unquestioned intimate knowledge of the subject and full access to 
the appropriate literature, can not possibly be classified in any un- 
complimentary category. 
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GEOLOGY OF HONDA DISTRICT, COLOMBIA! 


JOHN W. BUTLER, JR.? 
Bogota, Colombia 


ABSTRACT 


The Honda district of Colombia overlaps the boundary between the Upper and 
Middle Magdalena Valley regions, and sedimentary facies characteristic of the two ad- 
joining regions must be traced into each other through it. Stratigraphic nomenclatures, 
descriptions, and correlations, and geological interpretations published during the past 
are varied and confusing. The literature is widely scattered and accessible only with 
difficulty. The purpose of this article is to assemble and discuss earlier information and 
to present new data in order to provide a clarified basis from which further more de- 
tailed and extensive studies may be undertaken. 

The geomorphology is described. The post-upper Oligocene stratigraphy is dis- 
cussed and type localities are indicated. 

The oldest strata described are correlated with the upper Oligocene Colorado series 
of the Middle Valley. These sediments contain a fossil zone, associated with lignite 
beds, that is believed to be correlative with the La Cira formation of the Middle Val- 
ley. The occurrence is 120 kilometers south of the type locality, and outcrops on the 
Cambao road extend its occurrence about 80 kilometers farther south. 

The apparently conformably overlying Miocene Honda series comprises more than 
4,000 meters of continental sediments the sandstones of which, except near the very 
base of the series, are characterized by abundant amphibole and magnetite in the 
heavy-mineral content of the sandstones. The lower Honda (approximately 1,600 meters 
thick) is differentiated from the upper part (more than 2,400 meters thick) by the ab- 
sence of andesitic and dacitic pebbles in the lower part and the generally finer texture of 
its sediments. The series is believed to have once extended eastward, in places, far into 
the area now occupied by the Cordillera Oriental. Correlation with the Miocene Real 
series of the Middle Valley is substantiated on the basis of identical heavy-mineral con- 
tent, lithologic character, and stratigraphic position. 

An interval of intense folding, faulting, and erosion followed Honda time and prob- 
ably lasted throughout the Pliocene. Then the Mesa formation of late Pliocene, or more 
probably early Pleistocene, age was deposited unconformably on the Honda and older 
strata. It is a piedmont plain deposit composed of coalescing alluvial fans that were 
deposited in the Magdelena River Valley by tributary streams heading in the Cordillera 
Central. The formation is characterized by the presence of abundant volcanic material. 
Maximum known thickness is 350 meters. 

The Honda fan of the Mesa formation deranged the drainage by ponding the 
ancient Magdalena River to form Lake Hettner, which was drained when overflow 
incised the water gap at Honda. Contemporaneous lake beds and small deltas of local 
extent formed in the now extinct Lake Hettner. 

The Pleistocene Gualf formation, named here for the first time, occupies erosional 
valleys cut in the Mesa formation. Its composition is similar to that of the Mesa beds, 
but is generally less indurated, and ranges from 21 to 33 meters thick. Recent alluvium 
is not as widespread in the Honda district as it is on the north and south. 

Important periods of volcanism left traces in the Honda district in the upper Mio- 
cene and Pleistocene sediments. 

The topographic depression of the post-Honda and pre-Mesa Magdalena Valley 
is believed to be largely due to erosion by the ancient river system. 

The presence of the Magdalena Valley graben structure in the Honda district is 
questioned. The Cambrds and other thrust faults east of the Honda district exhibit 
great displacements, but the west side of the Magdalena Valley seems to be an east- 
dipping uncovered peneplain on crystalline rocks. 

No conclusive evidence proving or disproving the existence of the “Honda fault”’ 
was observed in the district. Several local features favor the inference that no “Honda 
fault”’ exists, but studies in adjacent regions are necessary to arrive at a final conclu- 
sion. 


1 By permission of the Jefe del Servicio Geolégico de Colombia. Manuscript re- 
ceived, October 18, 1941. 


2 Texas Petroleum Company, Bogot4, Colombia. 
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The important diastrophic movements that developed the Andean system of 
Colombia and its orographic relief took place during the Pliocene. The chief structural 
features that contributed toward outlining the Magdalena Valley are believed to date 
from that time, rather than late Cretaceous; thus the interandean depression is assigned 
an age much younger than previously considered. The existence of a supposed long 
narrow Magdalena embayment since the close of the Cretaceous is questioned and at- 
tention is called to the necessity of obtaining more field information. The problem is 
significant because results confirming the writer’s hypothesis will require revamping the 
present concept of Tertiary paleogeography in Colombia. 


INTRODUCTION 


The Honda district in the Magdalena River Valley of Colombia 
overlaps the boundaries between the Upper and Middle Magdalena 
Valley regions. The geology of the Honda district is significant be- 
cause the sedimentary facies characteristic of the two adjoining re- 
gions must be traced into each other through it. At present the nomen- 
clatures, correlations, and even the basis for correlation of sediments 
in this part of the Magdalena Valley are varied and confusing. Also, 
several concepts of structural features have advanced from conjecture 
to widespread acceptance without the support of conclusive evidence. 
The purpose of this article is to review and correlate the nomen- 
clatures, describe the stratigraphy of the younger Tertiary and 
Quaternary formations, suggest type localities, and to discuss salient 
geomorphological and structural features of the Honda district for 
the purpose of establishing a more clarified base from which further 
detailed investigations may be extended. 

The material presented in this article is selected from a report 
submitted to the Department of Petroleum of the Colombian Govern- 
ment in October, 1937. Other material from the same source has been 
published previously 

The writer is indebted to officials of the Cundinarmaca Railroad 
for their courtesies during field investigations. Appreciation is ex- 
pressed also for the opportunity of generalized discussions of regional 
problems with Thomas J. Etherington, Parke A. Dickey, Robert S. 
Breitenstein, F. B. Notestein, Julio de Mier Restrepo, and others. 
These discussions have helped to call attention to discrepancies, con- 
fused issues, and unsolved problems, thus pointing out the need and 
justification for studies such as the present one. The writer alone is 
responsible for the geological data, inferences, interpretations, and 
conclusions expressed in this article. 


LOCATION 


Honda, Tolima, is on the west bank of the Magdalena River 
about 950 kilometers south of the river’s mouth near Barranquilla. 


3 Numbers in parentheses refer to references at end of article. 
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Its geographical position is 5°11’ 40’’ North Latitude, and 74°46’ 7.6” 
West Longitude. 

The present paper, although making occasional reference to re- 
gional features, is limited to detailed consideration of the district im- 
mediately around Honda, whose location in respect to other points 
of interest is shown on the map (Fig. 1). 


GEOMORPHOLOGY 
GENERAL STATEMENT 
General purposes may be satisfied by considering the Magdalena 
Valley as a single geomorphological province, but to facilitate descrip- 
tion in the present paper the area under consideration is divided into 
sub-provinces. Accordingly, the district around Honda (Fig. 2) is 
distributed, from west to east, as follows: (1) the East Slope of the 
Cordillera Central; (2) the Llanos or Plains sub-province of the 
Magdalena Valley; and (3) the West Slope of the Cordillera Oriental. 


EAST SLOPE OF CORDILLERA CENTRAL 
The portion of the East Slope of the Cordillera Central included 
in the area under consideration is essentially a dissected uncovered 
erosion surface down which the streams flow into the Llanos sub- 
province (Fig. 2). The bedrock is composed mostly of plutonic and 
metamorphic rocks that, judged from the literature, seem to have 
been bevelled down to a pre-Tertiary erosion surface on which are 
found remnants of Tertiary sediments—a well known example being 
the Miocene beds reported at Falin (formerly named Santana) (4). 
More detailed study is required to show whether or not this surface 
represents an uncovered peneplain upon which Tertiary, and possibly 
Mesozoic, sediments were deposited. 


LLANOS OF MAGDALENA VALLEY 

The Llanos sub-province includes the low region that spreads for 

a width of 15-20 kilometers between the flanks of the Central and 

Eastern cordilleras. The youngest geological formations of the district 

occur here. In the area under consideration, patches of steep-walled, 

dissected, mesa-like hilis of the gently eastward-dipping Mesa forma- 

tion rise like islands to 195 meters above the flat surface of a wide- 

spread more recent and thinner valley fill and plains deposit, the 

Gualf formation, into which the present streams are entrenched (Fig. 
8). Maximum relief is 330 meters. 

The isolated hills of the Mesa formation are the erosional remnants 

of a former widespread thick piedmont plain that originated from the 

Cordillera Central as a series of contemporaneously deposited coales- 
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cing alluvial fans. The Honda fan was the largest in the district. It 
spread across the ancient Magdalena Valley and ponded the river to 
form a temporary lake, herein referred to as ‘Lake Hettner” after 
Alfred Hettner, early explorer of geology in this region. 

The deranged drainage eventually became re-established in a 
channel eroded by the principal overflow from the lake. Thus, for some 
distance south of Honda the river now flows through a narrow valley 
incised in the ridge-and-valley terrane of the West Slope of the Cor- 
dillera Oriental. And at the southern limits of Honda the river swings 
westward transverse to the regional strike and emerges into the 
Llanos sub-province through an impressive narrow water gap incised 
in the Cordillera de Rio Grande (also called “Cordillera de San 
Antonio,” Fig. 6). From there northward to La Dorada the present 
river has established a narrow gorge-like valley along the boundary 
of the West Slope of the Cordillera Oriental and the Llanos of the 
Magdalena Valley. 

The low plains, or Ilanos, are widespread southward from Armero 
(San Lorenzo), Tolima, and north of La Dorada, but west of Honda 
they are limited to small areas between remnants of the Honda alluvial 
fan. In some places they are formed on the surface of the Mesa forma- 
tion and in others they are underlain by more recent deposits. In the 
16-kilometer distance between Mariquita and Honda, the surface of 
the plains is on the Guali formation and has a maximum eastward 
slope of slightly more than 1°, according to altitudes published by the 
Oficina de Longitudes (17). Remnants of the formation form terraces 
in the water gap of the Magdalena River near Honda and also are 
perched against the steeper-dipping Miocene sediments that make up 
the Cordillera de Rio Grande. 

Many meander scars and both constructional and destructional 
terraces exist along the water courses. 

The town of Honda (Fig. 6) is in a topographic “‘low”’ on the west 
bank of the Magdalena River, just north of the water gap. The Mag- 
dalena gorge has been widened by the Rio Gualf and Quebrada Seca, 
which flow east and northeast, respectively, into the Magdalena River 
at this locality. The town is 229 meters above sea-level and the sur- 
rounding hills and escarpments rise several hundred meters higher. 

A high escarpment of uncertain origin occurs east of Honda along 
the west side of the Cordillera de Rio Grande (Fig. 7). This abrupt 
termination of the folded sediments has been described as a fault 
scarp with the upthrown side on the east. An alternative explanation 
is that it represents an erosional scarp formed by lateral corrosion of 
the pre-Mesa ancestor of the Magdalena River. Conclusive evidence 
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of origin is lacking; further discussion is given under the subject of 
structure. 
WEST SLOPE OF CORDILLERA ORIENTAL 

The West Slope of the Cordillera Oriental is characterized by long 
narrow strike ridges and valleys eroded in regionally east-dipping sedi- 
ments that trend N. 20°-30° E. Toward the interior of the cordillera 
the topography outlines long, asymmetrical, overturned, and faulted 
folds; structural trends remain about the same. The ridges attain 
progressively higher altitudes toward the east and southeast to the 
center of the cordillera, where elevations exceed 3,600 meters. Maxi- 
mum relief near the Magdalena River is about 600 meters, but it in- 
creases considerably toward the center of the range. 

All drainage is tributary to the Magdalena River and exhibits a 
strong structural control, being arranged generally in trellis and rec- 
tangular patterns. Erosion was vigorous during the latest geological 
stage; the valleys are generally steep-sided and comparatively narrow, 
although a notable exception is the wide valley of the Rio Seco east 
of Honda (Fig. 1). 

Differential erosion causes resistant beds to show up prominently 
in the topography in many places, as in the Cordillera de Rio Grande. 


STRATIGRAPHY 
GENERAL 


The Tertiary stratigraphy of the Honda district discussed in this 
article is considered under the following divisions. 


Age Stratigraphic Unit 
Recent Alluvium 
Pleistocene .  QGualf formation 
Unconformity 
Upper Pliocene (?)—Pleistocene e deposits 
Mesa formation 
Unconformity 
Miocene Honda series 
Upper 
Lower 
Oligocene (?) Colorado series 


The entire sequence is non-marine. Both the Colorado and the 
Honda series have a widespread development in the Magdalena Valley 
and possibly at one time extended eastward in places far into, if not 
across, the area now occupied by the Cordillera Oriental. One fossil 
zone yielded a brackish-water fauna; it is tentatively correlated with 
the La Cira formation of the Colorado series. The Mesa formation, a 
piedmont alluvial-plain deposit, and the newly named Guali formation 
seem restricted to the Upper and Middle Magdalena Valley, although 
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contemporaneous strata of limited extent may be fovnd within the 
bordering cordillera and marine facies probably occur in the northern 
coastal region. Formational nomenclatures that have been applied in 
the district are correlated in Table I. 


COLORADO SERIES (UPPER OLIGOCENE?) 


Name and type locality—The Colorado series is named after the 
Rio Colorado, which enters the Magdalena River approximately 2 
kilometers upstream from Barranca Bermeja, Santander. The type 
locality is on the Tropical Oil Company Concession. The series lies 
along the Rio Colorado, beginning about 4 kilometers above the 


Fic. 3.—Thin-bedded sandstones in Colorado series along Puerto Salgar spur of 
Cundinamarca Railroad. 


mouth of the tributary, Rio Llano, and continuing upstream. O. C. 
Wheeler (30) first published an account of the series in 1935 and his 
term, ‘‘Colorado series,” is applied to the strata described in the fol- 
lowing paragraphs by virtue of correlation. 

Description.—Only the upper part of the Colorado series is exposed 
in the area under consideration. The strata are best examined along 
the Cundinamarca Railroad, approximately 36 kilometers north of 
Honda. At this locality the beds dip east so that one may pass strati- 
graphically upward through the section by going eastward along the 
railroad line. A stratigraphic interval of at least 270 meters is present. 

The lowest exposed beds comprise soft, light-colored sandstone 
that is pebbly in places, and fine-grained conglomerate; they crop out 
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in the west-most hills along the railroad. Pebbles are subangular and 
range up to one centimeter in diameter; they consist principally of 


Fic. 4.—Fossil bed believed to be correlative with La Cira zone in Middle Val- 
ley. Dashed line indicates top of bed. Note Puerto Salgar spur of Cundinamarca Rail- 
road branching off at right. 


Fic. 5.—Lignite bed 1.3 meters thick near top of Colorado series about 
Kilometer 4 from Puerto Liévano. 


quartz and black chert. Then follows a sequence of alternating mot- 
tled buff shales and mottled bluish clay which pass upward into thin 
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gray-green, coarse-grained sandstone beds. Next, a mottled reddish 
shale is overlain by a thin series of alternating sandstone and shale 
beds (Fig. 3), and a short distance above a seam of lignite is exposed to 
a thickness of 15 centimeters. About 1.5 meters higher occurs a fos- 
siliferous bed, 30 centimeters thick, which is believed to indicate that 
these strata lie within the La Cira zone. Over this bed is a 1.5-meter 
thickness of soft shales, overlain by 3 meters of white, coarse-textured 
sandstone. For a considerable distance the sequence is then covered, 
but judging from the topography, it comprises fairly non-resistant 
strata. About 30 meters west of Kilometer 4 from Puerto Liévano 
(K 193) a bed of lignite (Fig. 5), 1.3 meters thick, crops out, associated 
with carbonaceous shale. The coal is approximately 105 meters 
stratigraphically higher than the fossil horizon previously mentioned. 
Sandstone overlies the coal; then follows a considerable thickness of 
mottled red and gray clay-shales that indicate the beginning of the 
overlying Honda series. 

The fossil bed in the section described occurs a short distance west 
of the junction of the Puerto Liévano and Puerto Salgar spurs of the 
railroad (Fig. 4); it is much fractured and shattered, so that no whole 
specimens suitable for precise identification were obtained. Among the 
recognizable fossil content, which is most rich in pelecypods, are in- 
cluded Corbula sp., possibly some Hemisinus forms, Ostomaya sp. (?), 
and fish teeth. The aspect of the fauna is strikingly similar to the 
“Corbula hettneri Anderson zone’’ (3; 5: p. 99) near K 106 on the 
Bogota-Cambao road. The carbonaceous sequence in which the fossil 
bed occurs presents a general faunal aspect, lithologic character, and 
stratigraphic position that are similar to those of the fossiliferous La 
Cira formation in the Middle Magdalena Valley. 

That the carbonaceous strata comprise a fossiliferous zone is shown 
by the occurrence of several thin fossil beds in creeks south of the 
railroad; the beds are rich in Hemisinus remains. 

Large selenite crystals and yellow salt precipitates may be found 
throughout the section. 

Amphibole is virtually absent among the heavy minerals. This is a 
useful criterion for differentiating the strata from those of the over- 
lying Honda series which contains abundant amphibole and black 
metallic minerals. 

Relationships and formational boundaries.—The lower limit is not 
exposed and the top is apparently conformably overlain by the next 
younger Honda series. 

The upper limit is placed at the base of a thick, mottled, red and 
gray gypsiferous shale and claystone that crops out along the railroad. 
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The contact lies a little more than 60 meters east of K 4 from Puerto 
Liévano. This boundary is similar to that which Wheeler (30: p. 35) 
described from near the La Cira-Infantas oil fields. 

Age and correlation.—On the basis of correlation with the Colorado 
series of the Middle Magdalena Valley, the age is considered to be 
upper Oligocene or lower Miocene. 

Correlation with the Colorado series is based on the lithologic 
similarities, stratigraphic position, and tentative correlation of the 
fossil zone with the upper Colorado La Cira formation. 

Grosse (9: p. 251), in a brief study of the lignite beds near La 
Dorada, erroneously referred the strata to the Guaduas group, un- 
doubtedly on the basis of the presence of coal. 

Occurrence.—In the area under consideration, the Colorado series 
was observed in the vicinity of the union of the Puerto Liévano and 
the Puerto Salgar spurs of the Cundinamarca Railroad and south and 
east of La Dorada, generally on the east side of the Magdalena River 
and especially in the Yucalito and Conejo hills. The fact that these 
outcrops are approximately 120 kilometers south of the occurrence on 
the Tropical Oil Company Concession suggests that the series is ex- 
tensively developed and that detailed work in the Upper Magdalena 
Valley may reveal other areas which are underlain by these strata. 


HONDA SERIES (MIOCENE) 


Name and type locality.—Considerable confusion about the proper 
use of the name “Honda” has arisen in the literature and has been 
carried into field work, so that the matter requires clarifying. The 
fact that many of the original references are out of print, or not readily 
accessible, warrants giving the subject rather detailed attention. 

Hettner (1892) (11) first named the Honda series, deriving the 
name from the city of Honda, Tolima. He briefly described the forma- 
tion, but mentioned no definite upper or lower limits—a lack that has 
not been satisfied, or given the attention it deserves, to the present. 
From his description, it is ascertained that he considered the Cor- 
dillera San Antonio (or Rio Grande), east of Honda, as the type 
locality. 

It seems worth while to review Hettner’s brief descriptions in de- 
tail, inasmuch as they mark the beginning of stratigraphical nomen- 
clature in Colombia and because of the confusion that has grown out 
of them. He states: 


On both banks of the Magdalena River above Honda, and also at certain 
places embraced deeper in the mountains, is found a greenish gray tuffaceous 
sandstone, which seems to have been derived from the disintegration of 
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igneous rocks in the Central Cordillera. Between Tocaima and Girardot there 
lies upon the above-mentioned system (Guaduas?) variegated clays and 
sandstones; at Bogota there is included with it, however, a similar sandstone 
in a recumbent fold. Fossils are absent, or at least have not thus far been 
found. If the opinion expressed concerning the composition of the Honda 
sandstone is correct, it should be Tertiary. It is, however, the youngest of 
the folded formation. 

The younger undisturbed beds, presumably younger Tertiary and Quater- 
nary formations: boulders, tuff, sand and clay, will be spoken of in a later 
section. 

The rocks and formations of the Cordillera of Bogot4é may be accordingly 
illustrated by the following summary: 

Quaternary and younger Tertiary formation. 

Greenish gray, tuffaceous sandstone. Stage of the Honda sandstone, 
Tertiary? 

Upper red sandstone and mottled clay. Stage of the Guaduas beds. 
Probably Upper Cretaceous; according to Karsten, Tertiary. 

White quartz sandstone and thin bedded cherty sandstone. Stage of the 
Guadalupe beds, Gault or Upper Cretaceous. 

Clay slate and clay with interbeds of quartzite, white and red sandstone, 
variegated lime. Stage of the Villeta beds. Upper part Gault, under that Urgo- 
Aptian. 

Facies formations: Lower red sandstone (Jiron sandstone).—Quartzitic 
Sandstone of Cocui.—Blauer lime (Vélez lime). 

Quartzite and clay slate of undetermined age (Quetame beds). 

Crystalline schist, Gneiss, Granite, etc. 


Exactly what Hettner meant by the Honda formation is a point 
that has caused much confusion. To understand the matter requires a 
brief general review of geological conditions at Honda, his type local- 
ity. From Honda north to La Dorada, the west wall of the Magdalena 
River Valley is composed essentially of tuffaceous and volcanic ag- 
glomerates and cinder deposits, well bedded, water-worked, and 
gently inclined toward the east. The writer considers Hettner’s ac- 
count to include these beds in his ‘‘younger undisturbed beds, pre- 
sumably younger Tertiary and Quaternary formations,” as previously 
quoted. The east wall of the valley in this area, except for several 
isolated terraces and hills, is composed of a more steeply east-dipping, 
folded and faulted series of black-speckled, greenish gray sandstones 
and conglomerates that contain a minor portion of interbedded tuf- 
faceous-appearing shales and claystones. Just above Honda the 
Magdalena River has cut a water gap across the west-most ridge of 
this series of folded and faulted sediments, so that for a considerable 
distance above the city (south) the coarse clastic formation is found 
on both sides of the river. The writer believes that this coarse-tex- 
tured clastic series is what Hettner meant by the Honda formation, 
and it is, as he states, the youngest of the folded formations in the 
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Honda district. All subsequent writers, except Stille (24) and Ander- 
son (2), have made this interpretation of Hettner’s writings. Neverthe- 
less, the point has caused so much controversy in practice among 
field geologists that it deserves an additional brief note of attention. 
It is believed that the following quotation from the appendix to 
Hettner’s paper (11: p. 29) clarified his ideas. 

At and below Honda the Magdalena River forms the west boundary of 
the Cordillera de Bogot4 (Cordillera Oriental), where west of the river is 
found a 20-30 kilometer-wide zone with horizontal tuffs. Immediately above 
Honda occurs the farthest ridge lying upon the left bank of the river, which 
it seems to follow as far as Coello. It rises only a few hundred meters, and con- 
sists of gray and green tuffaceous sandstone and conglomerate, the Honda 
beds, which strike north and south and dip easterly at about 45°; only at 
Mendez may be noticed a westerly dip of this ridge. 


It is curious that Anderson (2: p. 625) considered the foregoing 
quotation to show that Hettner intended to apply the name “Honda 
formation” to the strata that comprise the “20-30 kilometer-wide 
zone with horizontal tuffs” which are referred to the Mesa formation 
in this paper. 

Stille (1907) (26: p. 146) made a rapid study of the region and mis- 
interpreted the younger Mesa formation to dip down eastward as a 
lower member of Hettner’s Honda beds. 

R. Scheibe (1922) (21) used “Honda” as defined by Hettner. His 
work is of special interest because misinterpretation of it contributed 
to the current confusion in the nomenclature of the Honda series. 

Scheibe applied the name “Barzalosa’”’ to a series of non-marine 
coarse-grained clastic sediments that overlie the Eocene Guaduas 
group with unconformity in the Girardot region, east of the Mag- 
dalena River and approximately 100 kilometers south of Honda. He 
was uncertain of the stratigraphic position of the Barzalosa beds and, 
therefore, applied the new name provisionally until accurate correla- 
tions could be made. The same reason prompted applying the provi- 
sional name “‘Gualanday formation” to a similar series of strata that 
crop out on the west side of the Magdalena River in the same district. 
On the basis of lithologic similarities and stratigraphic position, 
Scheibe felt that the Barzalosa and Gualanday formations were 
equivalent and he suspected, but never proved, their correlation with 
the Honda series of Hettner. In his final article dealing especially with 
the problem he says (21: p. 63): 

There scarcely is any doubt that the Gualanday formation continues to- 
ward the north (first on the west, then on the east, and at last on both sides 


of the Magdalena), to Honda and is represented there by the beds which 
Hettner called the “Honda formation.” Furthermore. the latter is super- 
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imposed on the Guaduas formation, in a manner equal to that of the Bar- 
zalosa. Then inasmuch as both formations have the same base, they would 
seem to be judged to be equivalents stratigraphically. Nevertheless, a cer- 
tain petrographic difference exists between the Barzalosa and the Gualanday- 
Honda formations. Thus, I consider it noteworthy that no volcanic rocks 
occur among the pebbles in the conglomerates and sandstones of the Bar- 
zalosa and Gualanday formations, whereas some dacite and andesite (pebbles) 
occur in the conglomerates of the Honda formation. It must be admitted 
that the Barzalosa and Gualanday formations were formed before the de- 
velopment of volcanic activity in the Cordillera Central. It is desirable that 
more detailed investigations be made concerning the relationships between 
the three formations. 


The Gualanday beds form ridges that strike northward in the 
direction of Hettner’s original Honda formation but, as yet, no pub- 
lished account offers proof of the assumption that the Gualanday beds 
can be traced into it. Furthermore, as is shown in this article, the 
Honda strata are not superimposed on the Guaduas beds at all. 
Scheibe’s conclusion that “it is desirable that more detailed investiga- 
tions be made concerning the relationships between the three forma- 
tions”’ still holds true. 

Washburne and White (1923) (29: p. 1026) followed Hettner’s 
usage of ‘“Honda”’ in a graphic columnar section. 

Weiske (1926) (31: p. 38) noted the discrepancy between the 
nomenclatures used by Hettner and Stille in the vicinity of Honda, and 
proposed to avoid confusion by using the new term “‘Girardot beds” 
for Hettner’s Honda formation. 

Anderson (1927) (2) was confused in interpreting Hettner’s ac- 
count, as shown in a preceding paragraph, and erroneously applied the 
name ‘‘Honda”’ to the tuffaceous and pyroclastic sandstones and con- 
glomerates west of Honda (Hettner’s “horizontal tuffs” and the Mesa 
formation of others). He elected to apply Scheibe’s term “‘Barzalosa”’ 
to the Honda formation of Hettner. 

Stutzer (1927) (27: p. 347), impressed by the lack of a conspicuous 
“marker” for a lower limit, proposed to extend the term ‘Honda for- 
mation’ to include all strata from the top of the Honda of Hettner 
down to the top of the latter’s Guaduas (Eocene). Unfortunately, the 
top of the Guaduas was not clearly defined. Stutzer subdivided his 
proposed Honda, on the basis of the lithologic character of pebbles, 
into an upper or andesitic part equivalent to the Honda of Hettner, 
and a lower or andesite-free part in which he placed the Barzalosa and 
Gualanday of R. Scheibe from the Upper Magdalena Valley and the 
La Paz and Chuspas formations from the Middle Valley. He suggested 
that, if desired, his lower Honda could be called the “Barzalosa 
strata.” 
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As already shown, there is no published record that the beds of 
the Gualanday, Barzalosa, and Honda of Hettner have ever been 
traced out to establish definitely their relationships to each other. The 
Chuspas comprises Oligocene strata, and Wheeler (30: p. 30) has 
shown the La Paz to be of Eocene age. 

Irisarri (1929) (14), in a general review of the Tertiary stratigra- 
phy, followed the nomenclature employed by Anderson. 

Hubach (1931) (12), in a general stratigraphic column for the west 
flank of the Cortillera Oriental, used the name “Gualanday formation” 
for strata that included Hettner’s Guaduas above the coal members 
and ranged upward to the top of the Honda formation. 

Grosse (1935) (9) referred to the “Honda sandstone formation” 
in distinction to the “Honda tuff formation,” which latter is the Mesa 
formation of the present article. 

Wheeler (1935) (30) correctly used the term “Honda,” tentatively 
correlating it with the Real series of the Tropical Oil Company in the 
Middle Magdalena Valley. 

Schuchert (1935) (23: p. 655), in a summary of the literature er- 
roneously states that Hettner named the Mesa formation of this paper 
the ‘‘Honda formation” and otherwise carries on Anderson’s misinter- 
pretations. Then Schuchert notes that Wheeler refers the Honda to 
the Miocene, apparently without realizing that two different strati- 
graphical units are concerned. 

In a summary of the geology of the Eastern Cordillera, E. Scheibe 
(1938) (19) follows the nomenclature and correlations of Stutzer and 
calls attention to the errors of Stille and Anderson previously cited. 
His correlations are discussed later in this paper. 

In conclusion, it seems proper to use Hettner’s term ‘‘Honda”’ on 
the basis of priority and present widespread use but to consider the 
strata to comprise a geological series, rather than a formation, inas- 
much as future detailed work will undoubtedly show that subdivision 
into formations will be practical. 

The range of strata that should be included in the Honda series 
also has been a controversial subject because of lack of acceptable 
criteria for identification and for establishing limits. Such criteria are 
presented in this article under Formational Boundaries, where they 
are discussed in detail. Briefly, the strata are identified by the pres- 
ence of abundant amphibole and black metallic minerals in the heavy- 
mineral content, and the lower limit is placed above a fossiliferous 
zone that is believed to be the La Cira formation. 

Hettner’s original type locality for the Honda series is in the Cor- 
dillera de San Antonio (or Rio Grande) east of Honda (Fig. 6). The 
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Magdalena River has cut a water gap through this cordillera southeast 
of the town, and the river flows northward along the west base of the 
ridge, between it and the city. The regional east dip causes progres- 
sively younger beds to be exposed as one goes eastward from Honda, 
across the Rio Seco Valley, to the Cambrds thrust fault near the base 
of the Cordillera de El Sargento. An unknown stratigraphic interval 
of the uppermost Honda beds is cut out by the fault. 

Unfortunately, the base of the Honda series is not exposed at 
Hettner’s type locality. But the strike of the beds being slightly more 
east of north than the strike of the ridge causes progressively lower 
beds to be exposed as one follows the west base of the ridge northward, 
and the bottom of the series is exposed about 30 kilometers north of 
Honda. An especially well exposed section may be observed along the 
Cundinamarca Railroad from near Kilometer 4 eastward to the 
Cambras thrust fault, at Cambrds Station, where the upper beds are 
cut out. The fault eliminates beds toa stratigraphic horizon lower than 
is the case east of Honda because the strike of the strata is oblique to 
the strike of the fault. 

For purposes of obtaining as great a stratigraphic sequence as 
possible it is necessary to consider a composite section compiled from 
both the section east of Honda and the section exposed along the 
Cundinamarca Railroad approximately 36 kilometers north. Strati- 
graphic control is provided by various beds that are traceable from 
one locality into the other. 

Description of section east of Honda.—East of Honda a regional 
eastward dip of medium angles prevails and most of the strikes range 
from N. 20° to 30° E. Small local warps are present, but in general 
the section may be examined normal to the strike. 

The Honda series comprises greenish gray, black-speckled sand- 
stones, conglomerates, and some reddish, red-mottled, greenish and 
gray-colored claystones and shale beds of varying thickness and suc- 
cession. Carbonate is a common cementing material. Cross-bedding 
and torrential bedding are common. 

Claystones and shales are most abundant in the lower part of the 
escarpment at the Magdalena water gap. Passing eastward into the 
Department of Cundinamarca, and progressively higher stratigraph- 
ically, the series becomes dominantly conglomeratic, but sandstone 
beds are also abundant; only a few thin “red beds” are present. The 
contact between the upper and lower Honda of this article is believed 
to be in the vicinity of the water gap. The upper part of the series is 
characterized, as already shown by Stutzer (27: p. 346), by the pres- 
ence of andesite pebbles, and has a tuffaceous aspect in places. 
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The conglomerates are characterized by the presence of many 
black-chert pebbles. Rounded fragments of white, rose, and clear 
quartz, granitic, dioritic, phyllite, schist, and injection-gneiss pebbles 
are also present. Pebbles of andesitic and dacitic lavas, mostly por- 
phyritic, seem limited to the upper part of the series. Andesite pebbles 
bearing pyroxene, mica, and glassy feldspar seem characteristic of the 


Fic. 9.—Typical red claystone overlying sandstone in upper part of lower Honda 
series; near E] Estac6n on Cundinamarca Railroad. Note many small irregular-shaped 
white carbonate concretions in claystone, exposed on both sides of railroad cut. 


uppermost part. It is believed that porphyry pebbles, which occur 
lower than the andesite pebbles, have been called andesite on cursory 
examination by some workers during previous reconnaissances. The 
pebbles, in general, range up to 10 centimeters in diameter and, as a 
rule, are well rounded. 

In the valley of the Rio Seco concretionary sandstones and con- 
glomerates are exposed in some of the hills (Fig. 10). The concretions 
are round and range from a few centimeters up to 20 centimeters in 
diameter. 

Abundance of pyriboles and black opaque minerals characterize 
the heavy-mineral content. 

The series, so far, has been found unfossiliferous except for fossil 
wood, which is plentiful in the upper part. 

It is estimated that approximately 2,400 meters of the Honda beds 
are exposed in this section, the top being cut out by the Cambras 
thrust fault. 
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Differential erosion develops conspicuous long narrow valleys and 
ridges parallel with the strike of the formations and, in places, this 
produces a distinct layered effect in the topography. 

Description of section along Cundinamarca Railroad.—The strat- ! 
igraphic section exposed along the line of the Cundinamarca Railroad, 


Fic. 10.—Exposure of uppermost Honda beds in Rié Seco valley, east of Honda. 
Concretions are abundant in many beds in this part of stratigraphic sequence. Coarse- 
grained, pebbly, and conglomeratic sandstones also are characteristic. 


approximately 36 kilometers north of Honda on the east side of the 
Magdalena River, is of special interest because excellent outcrops are 
present, and because the bottom of the Honda series is exposed. 

The regional east dip prevails and minor warps and faults are 
present. As in the case of the section east of Honda, one passes east- 
ward along the railroad through progressively higher stratigraphic 
horizons until reaching the Cambrds thrust fault just east of Cambras 
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Station, where the youngest beds are faulted out and the series is in 
contact with Cretaceous strata. 

The series begins about 60 meters east of Kilometer 4 from Puerto 
Liévano, apparently conformably overlying the fossiliferous car- 
bonaceous zone at the top of the Colorado series. At the bottom there 
is a thick sequence of mottled red and gray shales and claystones. Then 
follows an interval of fairly massive greenish gray, greenish blue, and 
brownish black-speckled sandstones and shales, with a few interbeds 
of red claystone and greenish or mixed greenish and reddish claystone 
and shale. A dominantly sandy-, shaly-, and clayey-textured aspect 
obtains until near Kilometer Post 13 from Puerto Liévano (K 186 
from Bogoté), a short distance south of Campamento Colorados on 
the Rio Negro. Between this point and Cambras Station the series is 
composed principally of conglomerates. These two differences in tex- 
ture of the sediments are so distinctly segregated within the series 
that it may be divided locally into a lower dominantly sandstone divi- 
sion and an upper dominantly conglomerate division. 

Pebbles of the conglomerate measure up to 10 centimeters in di- 
ameter and include black chert, white quartz, some rose quartz, 
granite, diorite, schist, porphyry, and a few andesitic pebbles. 

Fossilized wood is present. 

In general, the lithologic character is the same as in the section east 
of Honda. 

Outcrops between Quebrada Cambras and Cambras Station are 
covered. 

It is estimated that 3,440 meters of the Honda series is exposed; 
the lower part is about 1,600 meters thick (see Formational Bound- 
aries), and approximately 1,840 meters of the upper part is present. 
Minor faulting interrupts measurements. 

Red beds.—The interbedded reddish claystone and shale beds are of 
special interest because they seem to offer a means of making field 
correlations within the Honda series. Twenty-five red beds, ranging 
in thickness between 55 and 1.5 meters, were observed throughout the 
series; nineteen are included in the lower part. In places there is some 
gray mottling, and ordinarily the red color passes to greenish gray 
near the upper and lower contacts. 

The beds have a fairly good lateral extension, the writer having 
observed continuations of them 30 kilometers south, in the hills near 
Honda. 

Pitted, rough, irregular-shaped calcite nodules, concretions, and 
fracture fillings are abundant in some of the claystone beds. Much of 
this carbonate material may have been precipitated originally in a 
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finely disseminated form throughout the sediments during their depo- 
sition. The carbonate is believed to have been deposited by saturated 
superficial waters that drained an area of Cretaceous limestone. 

Near El Estacén, where the railroad crosses the divide between 
the Rio Magdalena and the Rio Negro drainage, a distinctive red 
bed (Fig. 9) occurs. The bed serves as a convenient horizon marker 
inasmuch as it is distinguished by two conspicuous purplish zones full 
of large irregular-shaped calcite nodules. 

Heavy minerals.—The heavy-mineral content of the Honda series 
was studied in samples selected from critical places between Cambras 
Creek and near Kilometer 4 from Puerto Liévano. The striking feature 
revealed by the examination is that abundant fresh amphibole and 
somewhat less abundant black metallic minerals are present in the 
sandstones, except at the very bottom of the series where hornblende 
is rare. These two types of minerals comprise a volume far in excess 
of all the other heavy minerals combined. 

Amphiboles are rare, or absent, in strata below the horizon that is 
considered in this article to be the contact between the Honda and the 
Colorado series. 

Wheeler (1935) (30: p. 35) states that hornblende is rarely present 
in sediments older than the Miocene in the Middle Magdalena Valley, 
and he has shown that the Real series of the Middle Valley is char- 
acterized by abundant hornblende and magnetite, a significant cri- 
terion for correlating the Real and the Honda series. Wheeler states 
that the abundance of these minerals in the Real series indicates that 
they were derived from the andesitic rocks on the south and south- 
west. That this hypothesis may be true to a large extent is shown by 
the presence of andesitic pebbles in the upper part of the Honda 
series. However, it must be pointed out that the characteristic heavy 
minerals hold constant to the lowest portion of the series where, as 
yet, no andesitic pebbles have been found. The observations seem 
better explained if we admit that a considerable part of the hornblende 
was derived from disintegration of the granitic, syenitic, and dioritic 
plutonic rocks that occur in the Cordillera Central. The writer exam- 
ined numerous specimens of the plutonic rocks from the region of 
Ibague and found hornblende to be the dominant ferro-magnesian 
mineral. Pebbles of these plutonic rocks are common in the Honda 
series. Honda time may have been an epoch during which erosion had 
at last exposed the hornblende-bearing igneous batholiths underlying 
the Cordillera Central, and during which volcanism developed in other 
sections of the range. 

Summary of descriptions—The Honda series is divisible into an 
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upper and a lower part. Detailed subdivision must be deferred until 
more detailed knowledge of the series is available. Present information 
may be summarized as follows. 


HONDA SERIES Honda character- 
ized by presence of mica-pyrox- 
merece by: : ene andesite with glassy feldspar. 
resence of abundant amphib- May be tuffaceous in places 
oles and black metallics among Concretionary sandstone and fos- 
minerals. sil wood abundant in places 
8 UPPER HONDA Combination of foregoing fea- 
ee ne tures absent or rare in lower 
coarse- to medium-grained sand- upper Honda 
stones, conglomeratic in many 
paces, and conglomerates. Some 
‘al beddi pebbles. Conglomerate is domi- 
nant or of striking lithologic 
Thickness-+- pha character. Black chert and quartz 
4 are most abundant pebbles 


Thickness+ 2,400 meters 


Andesite and dacite pebbles 
absent. Here and there porphyry 
or dike-rock pebbles occur. Con- 

LOWER HONDA glomerates present, but sand- 
stones, shales, claystones are dom- 
inant. Red and maroon claystones 
relatively common 

Thickness + 1,600 meters 


Origin.—The Honda series is continental in origin, the chief source 
of sediments being from the west. 

Relationships —The Honda series apparently rests conformably on 
the Colorado series in the section along the Cundinamarca Railroad; 
east of Honda the bottom of the series is not exposed. The uppermost 
beds in both sections are eliminated by a fault contact with older 
strata. The upper and lower Honda are conformable. 

Wheeler (30: p. 35) judged an unconformity to separate the equiva- 
lent Real series and the Colorado series in the Middle Valley. Weiske 
(32: p. 45) reports the Honda (his Girardot formation) to lie uncon- 
formably on the Barzalosa (Oligocene?) of R. Scheibe near the town 
of Girardot, approximately 1oo kilometers south of Honda. Stille 
(25: p. 36) found neither proof nor disproof of concordance between 
the Honda series and the Guaduas group east of Honda, but he de- 
scribed an unconformity east of Natagaima, 180 kilometers south. 
There is some doubt about exactly what strata he may have included 
in each of his divisions. 

On the west slope of the Central Cordillera at Falin (formerly 
named Santana) (Fig. 1) the remnant of what seems to be part of the 
upper Honda series occurs on an old erosion surface worn on meta- 
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morphic and plutonic rocks. This relationship suggests an overlap 
westward from Honda. It is not clear in the district, due to the cover 
of Mesa and younger strata, what the oldest overlapping formations 
are, or whether the overlap involves the Honda series only or older 
strata as well. Evidence supporting the hypothesis that older strata 
also may be involved includes: (1) the fact that great thicknesses of 
Tertiary strata occur east of the Magdalena River in contrast to their 
thinning, or virtual absence, westward toward the Cordillera Central; 
and (2) the fact that, in the Honda district, the relationships in the 
thick Tertiary section are conformable east of the Magdalena River. 
In amplification of the last statement it is recalled that the Honda 
series lies conformably on the Colorado series; a conformable relation 
is exposed between the Guaduas group (Eocene) and the Cretaceous 
strata near the railroad station of Los Alpes, which is a short distance 
east of the Cambras fault. However, relationships between the 
Guaduas and the Oligocene strata are not exposed; Wheeler reports 
them to be conformable in the Middle Valley, whereas R. Scheibe and 
Weiske report unconformable relationships (Barzalosa-Guaduas) near 
Girardot. The problem requires more detailed study. 

Formational boundaries.—The lower limit of the Honda series, in 
the section along the Cundinamarca Railroad, is judged to be at the 
base of the mottled red and gray shales and claystones which rest on 
the fossiliferous and carbonaceous La Cira formation at the top of the 
Colorado series. This boundary lies more than 60 meters east of Kilo- 
meter 4 from Puerto Liévano. 

Selection of the base is influenced by Wheeler’s description of con- 
ditions near the La Cira-Infantas oil fields, where the Real series (here 
correlated with the Honda series) overlies the La Cira formation. 
Concerning the base of the Real series Wheeler says (30: p. 35): 

The basal formation of this series (Real) in the upper Opon River area 
is a conglomerate consisting largely of brown chert cobbles and boulders up 
to 6 inches in diameter. In that area the underlying La Cira fossils are missing. 
In the foothills region to the north, however, and in the lower part of the val- 
ley near the La Cira-Infantas oilfields the base of the series is a massive gray 
and markedly red-splotched clay which rests on the La Cira member. On 
account of these different relationships, it is believed that there is an un- 


conformity in the section not far above the La Cira formation and that this 
unconformity marks the base of the Miocene. 


The boundary between the upper and lower Honda series is rather 
arbitrary at present. It is chosen to be that horizon above which con- 
glomerates form a dominant or striking part of the lithologic charac- 
ter, and above which andesite, dacite, and porphyry pebbles are found. 
In the section along the Cundinamarca Railroad this boundary is 
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judged to be near Kilometer Post 186 from Bogotd (13 kilometers 
from Puerto Liévano), approximately 700 meters south of Cam- 
pamento Colorados. 

The limit between the upper upper and the lower upper parts 
seems rather transitional. It is judged to be where the sediments be- 
come friable and coarse-grained, containing pebbles of mica-pyroxene 
andesite with glassy feldspar and, in places, many concretions. 

The top boundary is unknown because the uppermost beds are 
cut out by faulting. 

Age.—Most geologists have assumed the Honda series to be upper 
Tertiary in age. Stutzer (27: p. 356) admitted no definite basis for 
determining the age, but inasmuch as he extended the series to include 
beds that overlie the Guaduas (Eocene) and underlie the “‘diluvial”’ 
strata, he assumed the age to range from Oligocene to Pliocene. 

The Honda series, as defined in this article, is here considered to be 
Miocene in age on the basis of stratigraphical, structural, and paleo- 
botanical evidence, and by correlation with the Miocene Real series 
of the Middle Valley. 

Structural data include post-Honda folding, faulting, and erosion 
which indicate a substantial interval between Honda and Mesa 
(Pleistocene) time. Structural and stratigraphical relationships also 
show that the Honda series is appreciably younger than Guaduas 
(Eocene). 

Englehardt (7) and Berry (4) have reported a fossil-plant locality 
in the Honda series at Falan (formerly Santana), about 10 kilometers 
southwest of Mariquita. In respect to age, Berry says: 

The Santa Ana plants occur in tuffs at an altitude around 600 meters. 
Thirty-five species have been identified including such genera as Bambusium, 
Heliconia, Ficus, Persea, Nectandra, Goeppertia, Citharexylon, Tecoma, 
Chrysophyllum, Styrax, Buetineria, Gouania, Condaminae, Vochysia, Trigonia, 
Moquillea, Inga, and Pithecolobium. This flora is wet tropical in character and 
closely related to the existing flora of the upper Amazon basin. Two of 
the forms are common to the lower Miocene of Chile, one occurs at Loja 
in Ecuador, two occur in the Helvetian of Central America, three occur in 
the Helvetian of Venezuela, and 5 or 6 occur in the Miocene of northwestern 
Peru. 


The Santana (or Falan) fossil locality is in an isolated patch of the 
Honda series perched on the old erosion surface that forms the east 
slope of the Cordillera Central crystalline rocks (Fig. 2). Judged from 
lithological descriptions, the strata seem to belong to the upper part 
of the series. 

The equivalent Real series of the Middle Valley have been estab- 
lished as Miocene by Pilsbry and Olsson (18) on the basis of paleon- 
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tological evidence. Fossil plant remains from the lower part of the 
Real series on the de Mares Concession have been stated by Berry 
(3) as suggestive of Miocene age. 

Correlation.—Historically, most previous investigators have made 
generalized correlations of the Honda beds of Hettner with upper 
Tertiary strata in other parts of Colombia. Stutzer (27: p. 345), fol- 
lowed by Ermisch (8) and E. Scheibe (19), extended the lower Honda 
down to the top of the Guaduas so as to include the Gualanday and 
Barzalosa of the Upper Valley and the La Paz [shown to be Eocene 
by Wheeler (30: p. 30)] and the Chuspas (Oligocene) in the Middle 
Valley. These correlations were evidently based on the erroneous as- 
sumption that Robert Scheibe’s work traced the Gualanday and Bar- 
zalosa into the lower Honda (22: p. 63). Ermisch and E. Scheibe 
included the Chuspas (Oligocene) of the Rio Lebrija region in the 
Middle Valley with the remainder of the lower or “andesite-free”’ 
Honda. Ermisch also correlates the Puerto Santos formation of 
petroleum geologists and the San Fernando formation (Ermisch- 
Wagner) of the Middle Valley with the upper or “andesitic’’ Honda. A 
“glass sand” near El Banco, in the Lower Valley, is stated to be upper- 
most Miocene by Ermisch. Anderson (2: p. 595) correlates the Honda 
series of Stutzer with the marine Tubera series of the lower Magdalena 
Valley and the Turbaco series of the Cartagena district. Weiske (32: 
p. 118) called attention to the possibility of correlating the Honda 
beds with the marine strata cropping out between Zambrano and 
Calamar in the Lower Valley. 

The Honda series has been redefined in this article so that the 
upper Honda is equivalent to the “‘andesitic Honda”’ of Stutzer, but 
the lower part, although including beds +1,600 meters stratigraph- 
ically below those exposed in Hettner’s type locality, does not range 
nearly as low as the strata included by Stutzer in his lower Honda. 

The evidence of similar heavy-mineral content, lithologic char- 
acter, stratigraphical position, and formational relationships indicate 
that both the lower and upper Honda of this article are equivalent to 
the Real series in the Middle Valley. ‘“‘Medioterciario” beds, described 
by Grosse (9: p. 93), from Huila in the Upper Valley, are lithologically 
similar to the Honda series and may be equivalent. 

Occurrence.—The Honda series crops out from Honda eastward 
to the west base of the Cordillera of the Alto de El Sargento where the 
Cambras fault places the series in contact with the Cretaceous. A small 
isolated patch occurs near Santana on the east slope of the Cordillera 
Central. The writer has traced the strata northward to the Rio Negro 
region and southward to Cambao, but their extent is much greater. 
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By virtue of correlation with the Real series in the Middle Valley, and 
lithologically similar formations described farther south up the Upper 
Valley, the Honda series may be stated to occur up and down the 
Magdalena River Valley for more than 200 kilometers. 


MESA FORMATION (LATE PLIOCENE? OR EARLY PLEISTOCENE) 


Name and type locality.—The Mesa formation comprises the series 
of bedded pyroclastics that form the isolated erosional patches of 
mesa-like hills in the geomorphological sub-province of the Llanos of 
the Magdalena Valley. Hettner (1892) (11) referred to the strata as 
“the formation of tuffaceous mesas.”’ Stille (1907) (24) misinterpreted 
the stratigraphic position of the formation and considered it lower 
Honda. Washburne and White (1923) (29) used the name “‘La Mesa.” 
Weiske (1926) (31) used the name ‘‘Mesa formation,”’ which has since 
come into general usage, exceptions being Anderson (1927) (2), who 
erroneously applied the name ‘‘Honda,”’ and Grosse (1935) (9), who 
referred to the beds as “‘tuffaceous mesas of Honda.” 

Widespread usage of the name ‘‘Mesa formation” dictates its 
acceptance. 

Unfortunately, no type locality has been designated for the forma- 
tion, the name having been derived from the physical appearance of 
erosional residuals rather than from any land mark. Inasmuch as the 
formation is well exposed and easily accessible on the northwest side 
of Honda, the writer suggests that area as the type locality (Fig. 7). 

Description.—A distinct bedding is characteristic throughout, 
being accentuated in places by differential weathering; torrential 
bedding may be either conspicuous or absent. The Mesa beds are well 
indurated on the whole and, in most places, stand up as sheer walls 
(Fig. 11). Some of the strata are porous. 

The formation contains abundant pyroclastic material. Fragments 
of andesite, dacite, pumice, and ash are most numerous, but small 
angular fragments of quartz and flakes of phyllite are also present. 
Beds of coarse-grained sandstones or grits alternate with agglomerates 
containing rocks that range in diameter up to one foot. The larger 
rock fragments include quartz, granitic, dioritic, andesitic, dacitic, 
and metamorphic types. Beds of clay, silt, and fine-grained sand occur 
in places. 

Lenses of boulders, as much as 4 meters thick, occur at various 
horizons throughout the formation. Some of the boulders are more 
than 2 meters in diameter (Fig. 12) and include andesite, granite, 
diorite, schist, phyllite, and other plutonic and metamorphic rock 
types. Large fragments of agglomerate also may be found in places. 
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Presence of the lenses is indicated on many hill slopes only by ac- 
cumulations and fans of boulders. The lenses undoubtedly mark old 


Fic. 12.—Boulders eroded from lens in Mesa formation. These accumulations 
of boulders are believed to mark former stream channels. 


channels of rivers that flowed over the Mesa formation while it was 
being deposited and, possibly, even were incised into it. 
Dihexahedral crystals of quartz (6) are abundant in the top of the 


Fic. 11.—Cliffs of Mesa formation at proposed type locality. 
‘ 
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formation in the vicinity of the Coello River south of Ibague, in the 
Guamo sand, and in erosional remnants as far north as Ambalema. 
The geographical and stratigraphical extent of the quartzoids remains 
to be worked out, and the value of their presence as a criterion for 
general identification is yet to be determined. 

Leaves and trunks of terrestrial plants and trees are present, es- 
pecially in some of the finer-textured layers. 

The distinct pyroclastic aspect of the Mesa formation and the 
dominance of volcanic fragments differentiates it from all known older 
formations in the region. 

Aneroid readings showed that a minimum thickness of 226 meters 
is exposed in the prominent hills directly west and north of Honda. 
Northwest of the city, in the Alto de Gigante, 350 meters of the strata 
are exposed. This is the greatest thickness known to the writer. Weiske 
(32: p. 62) estimated a thickness of at least 1,000 meters for the Mesa 
formation, but this is much too thick for the vicinity of Honda; the 
basis for Weiske’s figure is unknown. 

Origin.—The Mesa formation is an alluvial-plain deposit formed 
by the coalescence of various alluvial fans that were built up by 
streams flowing into the Magdalena Valley from the Central Cor- 
dillera. Apparently, the largest fan was built at Honda and it tem- 
porarily dammed the Magdalena River, with the result that the for- 
mation was deposited partly in quiet and partly in running water 
under continental conditions. No marine fossils are known from these 
strata. 

The abundance of pyroclastic material demonstrates that vol- 
canoes in the Central Cordillera were important sources of material. 

Relationships —The bottom of the formation is not exposed, but, 
judged from the nature and occurrence of the Mesa beds, they rest 
unconformably on older strata. The contact with the overlying for- 
mation is unconformable. 

Formational boundaries.—The lower limit may be placed where 
the characteristic lithologic combination of pyroclastic, andesitic, and 
dacitic material ceases to be strikingly abundant, and the upper limit 
is placed where the Mesa lithologic character ceases to be well in- 
durated. The lack of pronounced folding is a distinguishing feature of 
the formation in the Honda district. 

Age.—The Mesa formation has been assigned ages ranging from 
Miocene to Recent. Stille (26: p. 146) erroneously interpreted the beds 
to be the lowest part of the Miocene Honda series. Anderson (2: p. 
632) stated a Pliocene age on the basis of correlation with marine 
beds in the northern coastal area. Stutzer (28: p. 202) considered the 
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formation to be Recent, probably belonging to the end of Diluvial 
time. Weiske, Ermisch, and others accept a Quaternary age. 

The absence of guide fossils and the lack of detailed regional map- 
ping and correlation do not permit precise dating of the Mesa forma- 
tion. However, inasmuch as the strata were deposited after extensive 
folding, faulting, and erosion of the Miocene Honda series, the writer 
favors dating the formation as latest Pliocene, or more probably, 
early Pleistocene. 

Correlation.—Anderson (2: p. 632) correlated the Mesa beds with 
the marine Pliocene deposits of the coastal districts, as found at 
Barranquilla and Cartagena, on the basis of “‘stratigraphic position, 
volume, et cetera.” 

Occurrence-—The Mesa formation forms conspicuous hills from La 
Dorada southward to at least as far as Cambao, and it is reported by 
Grosse, Stille, and Weiske to extend as far south as the upper reaches 
of the Magdalena River. The formation was not observed on the east 
slopes of the Eastern Cordillera, nor has its presence there been re- 
corded in the literature. Known evidence suggests that it was not de- 
posited east of the Cordillera de San Antonio, although contempora- 
neous aggradations restricted to tributary valleys took place on the 
east side of the Magdalena Valley. Benches of tuffaceous outwash 
occur as far north as Puerto Berrio, according to Notestein (23: p. 641). 


LAKE DEPOSITS (LATE PLIOCENE? OR EARLY PLEISTOCENE) 


Lake beds (Fig. 13) and deltas of limited extent were formed near 
Honda in the ponded waters of the Magdalena River during Mesa 
time. Although contemporaneous with the younger of the Mesa beds, 
separate mention is made of these deposits because of their special 
character and isolation. 

The lake deposits comprise horizontal beds of fine-textured tuff 
and water-worked andesitic pumiceous material; some diatomaceous 
beds have been already reported by Stutzer (28: p. 180). Many of the 
beds are thin. Good exposures occur in the valley about 5 kilometers 
southeast of Honda, on the old road to Guaduas. Brunton compass 
readings at the cited locality showed that there was little difference in 
elevation in the tops of these beds, the bottom of the saddle at the 
water gap near Honda, and the tops of the Mesa beds west of Honda. 
The occurrence and characteristics of the sediments suggest that 
deposition took place in the quiet ponded waters of the Magdalena 
River during the time in which their level had risen to nearly that of 
the saddle into which the water gap is incised. This interpretation 
considers the beds to be contemporaneous with the youngest of the 
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Mesa formation: latest Pliocene or, more probably, earliest Pleisto- 
cene. 

Small deltas were deposited by streams heading in the Eastern 
Cordillera. Subsequent dissection has provided excellent exposures 
which reveal that the deltas are composed of sedimentary materials 


Fic. 13.—Lake beds in valley east of Honda. Strata are believed to have been 
deposited in ponded waters of Magdalena River before Lake Hettner was drained 
through later eroded water gap at Honda. Top of Mesa formation at type locality is 
seen in upper right center distance, from which point photographs Figure 6 and Figure 
8 were taken. High ridge of Cordillera de San Antonio (Honda beds), sloping north- 
ward toward water gap at Honda, is seen in upper left corner. 


derived from strata that crop out along the stream courses. Most of 
the large blocks are angular; no volcanic fragments were observed 
among them. 


GUAL{ FORMATION (PLEISTOCENE) 


Name and type locality—A period of aggradation followed the 
post-Mesa erosion interval. Beds of tuffaceous material, volcanic ag- 
glomerates, and river gravels filled the valleys in irregular succession 
to a depth of more than 30 meters, as shown in the valley of the Guali 
River near Honda. The extent and importance of this deposit warrant 
evaluating it as a formation and the writer suggests the formational 
name of ‘‘Guali,” after the Guali River, which joins the Magdalena 
River at Honda and which is entrenched in the formation. The type 
locality is placed in the banks of the Gualf River on the outskirts of 
Honda, near the electric plant (Fig. 14), where excellent exposures 
are accessible. 


é 


826 JOHN W. BUTLER, JR. 


The strata were recognized as younger than the Mesa formation 
by Weiske (1926) (31) and Stutzer (1927) (27). 

Washburne and White (1923) (29), in their stratigraphical section 
for the Honda district, figure a ‘“Lerida formation.” It is probably 
named after the village of Lerida, which lies southwest of the area 
now under consideration. Unfortunately, their description is very 


Fic. 14.—Type locality of Gualf formation, along Gualf River, near electric plant 
northwest of Honda. Unconformable contact on Mesa beds is well exposed. 


brief and no mention of type locality or general occurrence is given. 
Their description, however, shows lithologic character similar to the 
Guali strata. It is possible that their formation may be equivalent 
to the Gualf formation, but their brevity leaves so much uncertainty 
that the new tentative name ‘‘Gualf formation” is deemed justified 
until future detailed studies clarify the relationships. 

Description.—At the type locality the following section is exposed 
from top to bottom. 


Tuffaceous material with a thin layer of gravels at the 


bottom. Several lenses of gravels are within this layer........ 4.60 15 
Volcanic agglomerate of andesitic composition........... g.00 30 
Thin variable gravel layer averaging................... 0.30 I 
Volcanic agglomerate of andesitic composition........... 1.50 5 
Cobbles and boulders consisting of granite, phyllite, quartz, 

and chert. Largest boulders are 1 meter in diameter.......... 4.60 15 

21.50 71 


In other places, additional tuffaceous and agglomeratic material 
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overlies the sequence as listed, increasing the thickness of the de- 
posits. 

Much of the Guali formation may be reworked Mesa material. 

The formation is porous, like the Mesa beds, but supports consid- 
erable vegetation wherever a cover of alluvium or silt is present. 

It is very difficult in places to differentiate between small outcrops 
of the Guali and the Mesa formations, the only criterion being the less 
consolidated appearance of the Gualf beds when compared with the 
Mesa formation. 

Origin.—Weiske (32: p. 63) thought this valley deposit was a lake 
filling. It may be in part, but certainly not entirely as is definitely 
demonstrated by its torrential type of lithology and the variation in 
altitude of its surface. The eastwardly inclined surface of the Guali 
formation is about 300 meters higher at Mariquita than at Honda 
(17), which lies about 16 kilometers east. The geomorphology of the 
district is not in agreement with the hypothesis that the Magdalena 
River may have been ponded to form a lake of this depth during the 
geological epoch under consideration, although some ponding may . 
have taken place. Nor does it seem possible to explain the slope as 
having been caused by local tilting that may have accompanied fault- 
ing along the hypothetical “(Honda fault” (see Structure), inasmuch 
as the inclination of the deposit’s surface seems fairly continuous 
across the supposed location of the fault line. This relationship can be 
seen wherever remnants of the Gaulf formation are perched against 
the Honda series, especially in the water gap. Regional tilting may be 
offered as an explanation of the uniform slope. In that case, however, 
the horizontal “lake deposits,” previously referred to, might be ex- 
pected to have been affected by the tilting also, but apparently they 
were not. 

It is believed that the Gaulf formation is essentially an alluvial- 
plain deposit that was formed contemporaneously by the overloaded 
tributaries of the Magdalena River heading in the Central Cordillera. 
Possibly some ponding of the Magdalena River took place. The east- 
ward-sloping surface of the formation is expectable according to this 
hypothesis. 

Relationships and formational boundaries.—Unconformable con- 
tact with the older Mesa formation is seen at the type locality (Fig. 
14). Alluvium and slope-wash overlie the formation unconformably. 
No distinctive beds were observed to mark the base or top. An un- 
conformable relationship of the lithologic character with that of older 
and younger strata is the only known criterion for locating the bound- 
aries. 
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Age.—The Guali formation was deposited after intensive erosion 
of the Mesa formation. Furthermore, erosional remnants occurring 
within the water gap of the Magdalena River show that the formation 
was deposited after the water gap was eroded to its present depth, or 
possibly lower. The Rio Guali and Quebrada Seca, as well as others, 
have entrenched themselves into the formation, cutting out conspicu- 
ous meander scars. These facts indicate that the formation is fairly 
recent in age, no older than Pleistocene, and marks a distinct change 
in regional geological conditions that include (a) a period of aggrada- 
tion and (b) some slight rejuvenation of volcanism, although consid- 
erable of the pyroclastic material is undoubtedly reworked Mesa 
material. On these grounds the writer considers the Gualf formation to 
be Pleistocene in age. 

Correlation.—Correlation of the Guali formation with other strata 
is uncertain. If there is considerable change in lithologic character 120 
kilometers north, it may be equivalent to the Magdalena formation 
described by Wheeler (30: p. 38). However, there is an equal possibility 
that more recent alluvial deposits in the Honda district are the true 
equivalents of the Magdalena formation. The uncertainty of correla- 
tion at present further justifies using ‘“‘Guali formation” as a provi- 
sional name until more detailed geological work indicates that another 
term is more appropriate. 

Occurrence.—The Guali formation is extensive; erosional remnants 
were identified within the Honda water gap and along the Magdalena 
River Valley as far north as La Dorada (Fig. 7). Also, the deposit 
forms the plains of Mariquita and extends southward at least as far 
as Ambalema. 

Stutzer (27: p. 358) was the first writer to show that patches of the 
Guali beds butting against the Honda series have been confused with 
the Mesa formation due to similar lithologic characteristics, thereby 
contributing to misinterpretations of the regional geology. 


ALLUVIUM (RECENT) 


In the vicinity of Honda recent stream gravels, boulders, sand, 
and silt are confined mostly to the narrow entrenched valleys of the 
Magdalena River and its tributaries. From La Dorada northward, 
alluvial deposits are spread extensively over the flat floor of the Mag- 
dalena River Valley. In places they attain appreciable thicknesses and 
cover most of the older rocks. 

The limited number of published geological studies shed no light 
on proper correlation. On the basis of lithologic similarity, it seems 
reasonable to correlate the Recent alluvium with the Magdalena for- 
mation (13; 30) of the Middle Valley. 
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STRUCTURE 
REGIONAL 


Magdalena Valley graben.—Stille (1907) (24) interpreted the Mag- 
dalena Valley to be a long narrow graben limited by fault zones on the 
west and east. Harrison (1930) (10) later restated the graben hypothe- 
sis. Doubt has been cast recently by Millard (16), Duce (23: p. 634), 
and King (23: p. 631) on the type of regional faulting involved; over- 
thrusting from both sides of the Magdalena Valley, rather than nor- 
mal faulting, being stated. 

The “bounding faults” of the Magdalena Valley structure are 
conspicuous in the Honda district on the east side of the valley. Here, 
Stille estimates that the Miocene Honda series is displaced more than 
4,000 meters. The Cambras thrust fault, named after a station on the 
Cundinamarca Railroad, is of special significance. Near the Rio 
Negro, Upper Cretaceous strata are thrust westward over Miocene 
upper Honda beds; the throw apparently diminishes southward. This 
fault is of regional importance, being traceable many kilometers north 
and south. But on the west side of the Honda district, brief inspection 
near Mariquita showed that the expectable bounding faults of the 
graben structure were not obvious, if present. The limited data ob- 
tained near Honda suggests that the present valley in the district was 
formed essentially by stream erosion which uncovered an east-dipping 
peneplain surface on the west side of the valley and widened the valley 
eastward by lateral corrasion against the sediments of the Cordillera 
Oriental, which were thrust from the east. The uncovered peneplain 
is developed on plutonic and metamorphic rocks, and dips eastward 
under the younger Gualf and Mesa formations. In contrast to this 
explanation, many older interpretations placed a fault along the west 
margin of the valley floor (26: p. 2). 

It is believed that the question of a graben structure is still open, 
and that the west wall of the Magdalena Valley deserves more study. 
Tentatively, the writer considers the west side of the valley to be an 
east-tilted uncovered and dissected peneplain surface (Fig. 2). 

Folds.—The important folding of the region has affected the Mio- 
cene Honda series and older strata. Regional structural trends strike 
N. 20°-30° E. and, inasmuch as the strike has a slightly greater east 
component than the valley, ridges and strata strike obliquely across 
it and butt against the Cordillera Central. Plunging structures are 
common and local variations in folding and faulting occur throughout. 

Problematic thinning of section Explanation of the westward dis- 
appearance of the thick Tertiary and Cretaceous sections is one of 
the problems of the district. Possibly much of the section may be cut 
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out by a zone of faulting now covered by the Guali and Mesa forma- 
tions. An alternative explanation is that the discrepancy is only 
apparent; the Cambr4s overthrust may have carried a great thickness 
of Cretaceous and younger strata far westward beyond their original 
environment, so that in their present positions they overlie or are ad- 
jacent to areas where their original thicknesses were much less due to 
shoreward (in this case, westward) lensing-out of beds. 


LOCAL 


Honda fault.—The escarpment of the Cordillera de San Antonio 
(Figs. 6, 7, 8), which flanks the east side of the Magdalena River east 
and north of Honda, has been interpreted as the fault escarpment of © 
the ‘Honda fault” (30: p. 38; 31: p. 59). The west side is said to have 
been downthrown, bringing the Mesa beds into contact with the 
Honda series. The interpretation lacks conclusive proof inasmuch as 
erosion has obliterated structural relationships along the possible 
fault line. The chief argument for a fault is the apparent abrupt ter- 
mination of the folded Miocene strata in the Cordillera de San An- 
tonio. Steep dips occur in a few places and add weight to the hypothe- 
sis. However, it is certain that a true fault scarp is not present, because 
Honda strata crop out in the river banks some distance west of the 
dissected face of the escarpment. 

Some support is present for the possibility that no ‘Honda fault” 
of post-Mesa age exists. For instance, the undisturbed position of the 
horizontal lake beds east of Honda suggests that no tilting has oc- 
curred east of the hypothetical fault since their deposition, or Mesa 
time. Acceptance of this evidence would require considering the Mesa- 
Honda contact along the west face of the escarpment as an original 
depositional one, and faulting, if present, must be pre-Mesa in age. 
The geomorphological history of the district can be explained satis- 
factorily without the fault. Local evidence supports the possibility 
that the escarpment may be of erosional origin, possibly due to lateral 
corrasion by the pre-Mesa Magdalena River. 

Studies in adjacent districts are required in order to prove or dis- 
prove definitely the presence of the “Honda fault.”’ 

Folds.—The Honda series and older strata on the east side of the 
valley dip eastward at medium angles throughout the district. Minor 
warps and rather local deviations occur. The Mesa formation in the 
district has a uniform eastward dip averaging about 4°; this probably 
represents an initial dip. The Gauli formation likewise has a gentle 
inclination toward the east. 
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Buried structures.—It is a general rule in the limited Honda dis- 
trict that the Mesa and Guali formations offer no surface indications 
of the pre-Mesa structures in the older rocks buried beneath them. 


GEOLOGICAL HISTORY 


The geological history of the Honda district, from Colorado time 
(upper Oligocene) to the present, may be summarized briefly as 
follows. 

The environment of sedimentation had definitely changed from 
the marine conditions which prevailed throughout the Cretaceous to 
the terrestrial conditions which obtained throughout the middle and 
later Tertiary and the Quaternary. A short epoch of brackish-water 
environment at the close of Colorado time is indicated by the La Cira 
fossil zone and its mode of association with lignitic coals and car- 
bonaceous strata. 

Similarity of lithologies in both the Honda district and the region 
of Barranca Bermeja, 120 kilometers north, and the apparent con- 
tinuity of the La Cira fossiliferous formation throughout both 
districts, indicates that fairly uniform conditions were widespread in 
the region of the present Magdalena Valley at the close of Colorado 
time. 

No structural break between the Oligocene and the Miocene was 
observed in the Honda district. However, the advent of a change in 
the regional history is indicated by the ingression of amphibole as an 
abundant component in the heavy-mineral content of the lower 
Honda series. The presence of amphibole is inferred to indicate that 
the hornblende-bearing plutonic rocks of the Central Cordillera, 
namely, the Tolima batholith, were exposed to erosion in areas sup- 
plying sediments to the district. The absence of andesitic pebbles in 
the lower Honda in contrast to the presence of granitic and porphyry 
dike pebbles substantiates the inference. 

Similarities of the lithologic character and the occurrence of many 
of the lower Honda strata and the non-fossiliferous portions of the 
Colorado series suggest similar widespread distribution. 

The conglomeratic lithologic character of upper Honda time re- 
flects some regional uplift. Cretaceous chert horizons, as well as meta- 
morphic and igneous areas, contributed coarse clastic material. 
Whether the bulk of the chert was derived from the Central Cordillera 
during uncovering of the crystalline rocks, or whether appreciable 
amounts were also derived from the Eastern Cordillera, can not be 
stated due to lack of regional studies. Conclusions of such a study 
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would be significant, however, inasmuch as they would contribute 
evidence bearing on the eastward extent of the Honda series and, 
therefore, on the paleogeography during Honda time. 

Volcanism accompanied or immediately followed the slight dis- 
turbance that ushered in upper Honda time. Abundant andesitic and 
dacitic clastic material was contributed in continually increasing 
amounts to the end of the epoch. Much of the amphibole in the heavy 
minerals of the upper Honda series was derived from the volcanic 
rocks, as was pyroxene which is a conspicuous component of many of 
the andesites and dacites. 

The continental origin of the Honda series eliminates the hypothe- 
sis that deposition took place in the long narrow arm of an “‘Honda 
sea’”’ existing in an already outlined Magdalena Valley graben. In 
fact, certain inferences derived from the lithologic character, occur- 
rence, and thickness of the Honda series suggest that, contrary to past 
interpretations, the Miocene Honda series may not have been con- 
fined to the narrow width of area now occupied by the Magdalena 
Valley trough, but may have extended farther east. The chief argu- 
ments for a greater east-west extent are: the great thickness (4,000 
meters) of the series on the east side of the valley in the Honda dis- 
trict, and the fact that the eastern limit is due to major faulting rather 
than to a progressive eastward thinning of the series. It does not seem 
reasonable to expect such a thickness to die out very rapidly. Further- 
more, the apparent widespread uniformity of lithologic types north 
and south in the valley for more than 120 kilometers suggests an orig- 
inally large depositional basin and, consequently, a greater east-west 
extent than the present narrow occurrence. Thick upper, middle, and 
lower Tertiary deposits along the eastern slope of the Cordillera 
Oriental are also suggestive of an original widespread distribution of 
Tertiary deposits in general. The possibility that the Honda series, 
in part at least, may have extended well into the area now occupied 
by the Cordillera Oriental, if not completely across it in places, war- 
rants consideration. 

At the close of Honda time a relatively long and important interval 
of regional folding, faulting, and erosion took place that continued 
well into the Pliocene, or entirely through it, and profoundly affected 
the Honda series. The magnitude of the tectonic effects is demon- 
strated in the Cambrdas thrust fault, where Upper Cretaceous and 
Eocene strata are thrust westward over Miocene upper Honda beds. 
Stille (26: p. 156) estimated that faults in the zone east of Honda, as 
far as the Alto del Trigo, have displaced the Miocene series more than 
a total of 4,000 meters. The writer believes it was during this epoch 
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that the broad major features of the regional structure, as seen to-day, 
were developed and the Magdalena Valley trough was outlined struc- 
turally for the first time. There is general agreement that the Andean 
system of Colombia owes its chief development and orographic relief 
to the diastrophism of this time. 

Dating of tectonic events as suggested in the preceding paragraphs, 
together with the hypothesis that the Honda series once had much 
greater eastward extension, warrants additional study in other parts 
of Colombia because acceptance of these points requires revamping 
of the Tertiary paleogeography as accepted to-day. The views ex- 
pressed differ sufficiently from statements published by previous 
workers to justify a word of amplification. 

The basis for previous interpretations of Tertiary paleogeography 
is founded on Stille’s (1907) (24; 25; 26) original interpretation that 
the Magdalena Valley is a graben. Harrison (1930) (10) later amplified 
Stille’s conclusions. Other workers accepted the graben hypothesis and 
Anderson (1927) (2: p. 641) presented the best statement of its relation 
to Tertiary paleogeography. He is of the opinion that the graben of 
the Magdalena Valley was outlined before the close of Cretaceous 
time. Early Tertiary subsidence “led the sea inland with the develop- 
ment of three distinct types of deposits, namely, marine, estuarine, 
and terrestrial (lacustrine).’”” Upward movement closed the Eocene 
and “‘excluded the Oligocene sea and its deposits,” first in the interior. 
“Subsidence which began in the early Miocene spread inland by stages 
into the great embayment of the Magdalena, producing successive 
provinces—marine, estuarine, and lacustrine—and in each its ap- 
propriate deposits.”’ Then, he states, followed the important earth 
movements of early Pliocene time. 

Anderson recognized that the Miocene series was involved in the 
general uplift. 

Notestein (23: p. 640) took exception to the first part of Anderson’s 
views, pointing out that the Magdalena graben is post-Eocene, inas- 
much as Guaduas (Eocene) strata are involved in the faulting on the 
east side of the valley and also occur widespread within the Eastern 
Cordillera. 

The writer has presented evidence indicating the post-Miocene age 
of the structural development of the Magdalena Valley trough. The 
previous view of a long narrow Magdalena embayment during the 
early Tertiary is questioned. Much more detailed regional strati- 
graphic work is necessary before conclusive statements can be made 
concerning the paleogeography of Colombia during the Tertiary. 

The pre-Mesa Magdalena River eroded a wide valley that ulti-. 


4 
i 


834 JOHN W. BUTLER, JR. 


mately included the width of the Llanos sub-province in the Honda 
district. It seems possible that while the river was downcutting, it also 
migrated laterally east away from the crystalline slope of the Cordil- 
lera Central. The escarpment of the Cordillera de Rio Grande may as 
well have been formed by the undercutting of meanders, as by fault- 
ing (see Structure). 

Mesa time, late Pliocene or early Pleistocene, was a period of ag- 
gradation by tributary streams heading in the Cordillera Central. A 
rejuvenation of volcanism supplied abundant andesitic and dacitic 
débris that was swept into the Magdalena Valley by winds and tribu- 
tary streams. Huge alluvial fans were built up that eventually coa- 
lesced to form piedmont deposits, the Mesa formation. The Honda 
fan was one of the largest. It dammed the Magdalena River and 
ponded the waters to form the temporary Lake Hettner. The accumu- 
lating waters rose and backed up into tributary valleys, thus tempor- 
arily raising the local base level. Dissected deltas and lake beds of 
local extent testify to this stage of the history. Eventually the rising 
waters found an outlet across a low pass in the Cordillera de Rio 
Grande, just south of Honda, in which they incised the water gap of 
the Magdalena River. The present course of the Magdalena River 
north from Honda is the logical one, because the waters followed the 
lowest land surface, which in this case happened to be where the east- 
sloping Mesa alluvial plain butted against the west-facing escarpment 
of the Cordillera de Rio Grande. The exceptionally wide Rio Seco 
valley east of Honda warrants further investigation as a possible addi- 
tional, although temporary, outlet of Lake Hettner. Derangement of 
the drainage, in the manner described, seems to be the only way to 
account for the present course of the Magdalena River in the Honda 
district. 

At the close of Mesa time a vigorous erosion interval dissected the 
thick and extensive piedmont plain deposit and left the present iso- 
lated and irregularly distributed hills of the Mesa formation, sepa- 
rated by wide valleys (Figs. 2, 8). The Magdalena River seems to 
have required the same interval to incise its water gap in the more 
indurated Honda series. 

Most of the erosion resulted from the work of local drainage. How- 
ever, as Weiske points out, the scant cover of vegetation also permits 
a certain amount of wind erosion, the importance of which the writer 
believes to be minor. 

Another change in conditions occurred during the Pleistocene and 
brought about some aggradation in the valleys by the youngest valley- 
filling, or Guali formation. Remnants occurring within the water gap 
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show that the channel of the Magdalena River had become eroded to 
about its present depth during the post-Mesa erosion interval. After 
some Recent erosion, alluvium was deposited. It is most widespread 
north and south of the Honda district. To-day, the streams are incis- 
ing themselves within the Guali formation and alluvium, and are de- 
positing younger silts, sands, and gravels in favorable places. 


SUMMARY 


Major points presented in this article include the following. 

1. Geomorphologically, the Magdalena Valley is shown to be di- 
visible into three sub-provinces of distinctive characteristics, namely, 
from west to east: the East Slope of the Cordillera Central; the Llanos 
or Plains sub-province of the Magdalena Valley; and the West Slope 
of the Cordillera Oriental. 

2. The name “Lake Hettner” is proposed for the temporary lake 
that formed when deposition of the Mesa formation ponded the waters 
of the ancient Magdalena River. The water gap at Honda is confirmed 
to be a feature incised in the Cordillera de San Antonio by waters 
escaping from the lake. 

3. Stratigraphic nomenclature for the upper Oligocene and 
younger formations in the Honda district is reviewed and recommen- 
dations are made for a consistent nomenclature which includes the 
following terms for the strata in order of decreasing age: upper Colo- 
rado series (upper Oligocene), Honda series (Miocene), Mesa forma- 
tion (early Pleistocene), and Guali formation (Pleistocene), Recent 
alluvium. 

4. Type localities are suggested for these stratigraphic units. 

5. Definite formational boundaries are suggested in order to help 
clarify future stratigraphic mapping. 

6. Attention is called to a new locality of the La Cira fossil zone 
in the Upper Magdalena Valley. This occurrence, together with the 
occurrence near K 106 on the Cambao-Bogota highway, suggest that 
the La Cira fossiliferous formation once extended over a distance of 
at least 200 kilometers in the Middle and Upper Magdalena Valley, 
and may have been even more widespread. The zone warrants further 
study. 

7. Additional evidence supporting correlation of the Miocene 
Honda series with the Real series of the Middle Valley is presented, 
and includes identical heavy-mineral composition and similar strati- 
graphic position above the La Cira fossil zone. 

8. Evidence occurs in the Honda district which suggests that, in 
places, the Honda series may formerly have extended far eastward 
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into the area now occupied by the Cordillera Oriental, or possibly 
across it. 

g. Attention is directed to the fact that the age of the peneplain 
which forms the west wall of the Magdalena Valley is not known, nor 
are the oldest overlapping strata identified. 

10. Insufficient evidence was observed in the limited Honda dis- 
trict to permit acceptance of the hypothesis that this part of the 
Magdalena Valley is a graben. The problem is considered to be still 
open; further detailed geological mapping is necessary to prove the 
existence of the graben structure. 

11. It is concluded that positive evidence for the “‘Honda fault”’ is 
not present in the limited Honda district. In fact, inferences based on 
local geology do not favor a fault which involved the Mesa formation; 
investigations outside the Honda district are necessary to prove or 
disprove its existence. 

12. It is concluded that the structural features contributing 
toward outlining the Magdalena Valley are of post-Miocene age 
rather than late Cretaceous. 

13. Acceptance of the post-Miocene date for “structural outlining” 
of the Magdalena Valley requires changing the established concept 
of the Tertiary paleogeography of Colombia, especially with reference 
to former conclusions that Eocene and later strata were deposited in 
successive provinces grading from marine to estuarine to lacustrine 
conditions, and were restricted to a long narrow “‘Magdalena embay- 
ment.” 

14. Erosion is believed to have been the most important agent in 
the development of the post-Honda and pre-Mesa Magdalena Valley. 
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BASE-EXCHANGE AND SULPHATE REDUCTION IN 
SALTY GROUND WATERS ALONG ATLANTIC 
AND GULF COASTS! 


MARGARET D. FOSTER? 
Washington, D. C. 


ABSTRACT 


Salty waters encountered in water-bearing sands along the Atlantic and Gulf coasts 
do not appear to be simple mixtures of ground water with more or less sea water. 
When the salty waters are compared with theoretical mixtures of fresh ground waters 
and sea water—the ground waters being from comparable depths in the same forma- 
tions and the amount of sea water being that indicated by the chloride contents of the 
salty waters—the natural salty waters are found to be characteristically lower in cal- 
cium, magnesium, and sulphate and higher in sodium content, suggesting that the 
waters have undergone base-exchange and reduction of sulphate. 

The indicated replacement of magnesium and calcium in the salty waters by sodium 
from base-exchange minerals in the sands suggests that the base-exchange minerals 
are not in equilibrium with present-day sea water or with salty waters formed by its 
admixture with fresh ground waters in which sodium bicarbonate is the predominant 
constituent. These relations further suggest that the water-bearing sands have at 
some time been flushed of salt water, at least to a point farther down the dip than at 
present, by water having a lower Ca/Na and Mg/Na ratio and that the salt water now 
contaminating the fresh waters is a new advance inland of salt water. 

The low sulphate content of the salty waters is attributed to reduction of sulphate, 
but whether the causative agent of the reduction was living organisms or inanimate 
organic matter or whether reduction took place at the time the sediments were de- 
posited or subsequently can not be proved definitely at the present time. The parent 
salt waters of these salty waters may have been connate waters in which sulphate had 
been reduced—as reduction is known to take place in environmental conditions like 
those under which some of the sediments in the Coastal Plain were laid down. In the 
flushing implied by the low calcium and magnesium content of the waters the connate 
waters may have been forced seaward but may not have been completely flushed from 
the beds and subsequent lowering of the fresh-water head relative to the head of sea 
water may have permitted the connate water to move farther inland. 

The fact that unselected salty waters from widely different sources, both geograph- 
ically and geologically, in the Atlantic and Gulf Coastal Plain have apparently under- 
gone similar alterations in mineral composition seems to indicate that the conditions 
causing these alterations are rather general throughout the area. 


The broad lowland belt that borders the Atlantic Ocean and the 
Gulf of Mexico is underlain by sedimentary deposits of gravel, sand, 
clay, marl, limestone, and chalk ranging in age from Cretaceous to 
Recent. In general the strata dip gently seaward—successively older 
formations cropping out farther and farther inland, thence dipping 
beneath younger beds and passing to greater and greater depths in 
the direction of the coast. 

Meteoric water as rain or melted snow enters the outcrop areas of 
the water-bearing beds, and percolates down the dip of the beds 

1 Presented before the Division of Water, Sewage, and Sanitation Chemistry at 
the 102d meeting of the American Chemical Society, Atlantic City, New Jersey, 


September 8-12, 1941. Published by permission of the director of the Geological Sur- 
vey, United States Department of the Interior. Manuscript received, October 17, 


2 United States Geological Survey. 
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toward the sea, filling the beds with fresh water. However, near the 
coast, salty water is encountered in wells sunk into some formations 
that yield fresh water farther inland. Whether the salt water contam- 
inating the fresh ground waters is ancient sea water entrapped in the 
sediments at the time of deposition and not since flushed from the 
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Fic. 1.—Representative sodium bicarbonate waters from different water-bearing 
formations (names above brackets) in Atlantic and Gulf Coastal Plain. (Figures at 
top of diagrams refer to weil depths in feet.) 


sediments or whether (in beds once flushed of occluded sea water) it is 
present-day sea water backing up into the beds because the head of 
fresh water is not now sufficient to hold back the heavier sea water is 
a subject of considerable speculation. 

If the salty waters are simple mixtures of fresh ground waters and 
present-day sea water, their mineral composition should be inter- 
mediate between that of fresh water and that of sea water and should 
therefore depend on the mineral composition of the fresh water and on 
the degree of contamination, as indicated by the chloride content. 

The shallow waters in the water-bearing sands of the Coastal Plain 
are ordinarily calcium bicarbonate waters, the deeper waters are 
sodium-bicarbonate waters, the waters undergoing a change in char- 
acter as they move down the dip of the beds by reaction with base- 
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exchange minerals in the materials through which they pass.’ 

The sodium bicarbonate waters are, characterically, very low in 
calcium and magnesium content and are ordinarily low in sulphate and 
chloride. In many waters sodium bicarbonate makes up go per cent or 
more of the dissolved mineral matter. In many of the formations the 
waters show definite characteristics in respect to the calcium bicar- 
bonate content of the shallow waters, the depth at which softening 
takes place and the amount of sodium bicarbonate in solution at 
different depths. A salty water from such a formation may be assumed, 
therefore, to have had, before contamination by sea water, a mineral 
composition similar to that of uncontaminated waters from compa- 
rable depths in the same formation. Analyses of typical deep waters 
from different formations in the Coastal Plain are given in Table I 
and are represented graphically in Figure 1. 

For the composition of ocean water Dittmar’s average (Table II) 
based on 77 analyses of ocean water collected by the Challenger 
Expedition from many localities, is taken as standard.‘ Sea water 
is 30-75 times as concentrated as the uncontaminated deep waters 
in the Coastal Plain and, compared with the deep waters, contains 
relatively high amounts of the constituents—calcium, magnesium, 
sulphate and chloride—in which the ground waters are low. Conse- 
quently, even a small admixture of sea water produces a noticeable 
increase in the content of these constituents in the contaminated 
water. Admixture of sea water also tends to reverse the calcium-mag- 
nesium relationship of the waters, since sea water contains about 5 
times as much magnesium as calcium, in terms of equivalents per 


TABLE II 


ANALYSIS OF OCEAN WATER 
(Parts per million) 


( 420 Bicarbonate (HCOs)........... 
Magnesium (Mg).............. 4,300 ‘Sulphate (SO)... 


Total dissolved solids. ....... 


3S. Sanford, “The Underground Water Resources of the Coastal Plain of Vir- 
ginia,”’ Virginia Geol. Survey Bull. 5 (1912), p. 55- 

L. W. Stephenson, W. N. Logan, and G. A. Waring, “The Ground Water Re- 
sources of Mississippi,’ U. S. Geol. Survey Water-Supply Paper 576 (1928), p. 42. 

D. J. Cedarstrom, “The Ground Water Resources of the Southeastern Virginia 
Coastal Plain,’’ in publication by the Virginia Geol. Survey. 

M. D. Foster, “The Chemical Character of the Ground Waters of the South 
Atlantic Coastal Plains,’ Jour. Washington Acad. Sci., Vol. 27, No. 10 (1937), PP. 
405-11. 


, “Ground Waters of the Houston-Galveston Area,” Indus. and Eng. Chem., 
Vol. 31 (1939), p. 1028. 
4 “Physics and Chemistry,’ Challenger Report, Vol. 1 (1884), p. 203. 
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million (reacting value), in contrast to fresh ground water, in which 
calcium is normally higher than magnesium. 

Analyses of salty waters from different places along the Atlantic 
and Gulf coasts are given in Table III and are represented graphically 
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Fic. 2.—Fresh and salty waters encountered in Coastal Plain of Virginia together 
with theoretical mixtures of fresh waters with sea water. (Figures at top of diagram 
refer to well depths in feet.) 


in Figures 2, 3, and 4. The table and the figures include with each 
salty water an uncontaminated water from comparable depth in the 
same formation in about the same locality (as nearly as such analyses 
could be obtained) and a theoretical mixture of the uncontaminated 


| 


MARGARET D. FOSTER 


|_| Geo 


EXPLANATION '02—!38.5 ml seawater 


x 


[ma 


~ 


x 


D 
$25 


KA 


XX 


LAA 


© 


x 


xX 
SRK 


EX 
ES 


EQUIVALENTS PER MILLION 


380 
Smithfield 
330 
4 
Potomac 
40 6a 


Fic. 3.—Fresh and salty waters encountered in Coastal Plain of Virginia, North 
Carolina, and South Carolina, together with theoretical mixtures of fresh waters with 
sea water. (Figures at top of diagrams refer to well depths in feet.) 
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water with the amount of sea water indicated by the chloride content 
of the salty water. The heights of the different sections in the diagrams 
correspond to the quantities of the constituents, expressed in terms 
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Fic. 4.—Fresh and salty waters encountered in Coastal Plain of South Carolina 
and Mississippi, together with theoretical mixtures of fresh waters with sea water. 
; (Figures at top of diagrams refer to well depths in feet; names of water-bearing for- 
mations shown at bottom of some columns.) 
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of equivalents per million rather than in parts per million. One equiva- 
lent per million corresponds to 20 parts per million of calcium, 12 of 
magnesium, 23 of sodium, 39 of potassium, 61 of bicarbonate, 48 of 
sulphate, 35.5 of chloride, 62 of nitrate, or 50 of hardness as calcium 
carbonate. In the diagrams, sodium and potassium are shown together 
as sodium. The total mineral content is indicated by the height of the 
diagram as a whole. 

On comparison of the mineral composition of the salty waters with 
that of the corresponding theoretical mixtures none of the salty waters 
appears to be a simple mixture of fresh ground water and sea water. 
Three waters (1c, 2c, and 6c) are very much like the corresponding 
theoretical mixtures but even these waters are lower in calcium and 
magnesium content. All the others are lower not only in calcium and 
magnesium but also in sulphate and in total mineral content, com- 
pared with the corresponding theoretical mixtures. These differences 
in mineral composition between the salty waters and the theoretical 
mixtures suggest that the salty waters or the sea water before admix- 
ture have undergone (1) base exchange and (2) sulphate reduction. 

The characteristic softening of Coastal Plain waters with depth in 
the water-bearing sands indicates that the sands contain base ex- 
change minerals that are capable of replacing, with sodium, the cal- 
cium and magnesium in the waters moving through them. Descrip- 
tions in geological reports, of the lithologic character of sand 
formations in the Coastal Plain frequently note that certain forma- 
tions are “glauconitic.” In other formations that do not contain 
glauconite, but in which the waters undergo softening, the base-ex- 
change may be due to certain hydrous alumino-silicates which make 
up part of the clastic materials of the sediments. As many of the water- 
bearing sands of the Coastal Plain were deposited in the sea or have 
been submerged since depositon, any base-exchange minerals con- 
tained in them, whether formed in the sea, as glauconite, or carried 
into the sea as clay, have consequently been subjected once, if not 
several times, to the action of sea water. 

If base-exchange minerals, such as the clay minerals carried into the 
sea by streams, are treated with a solution like sea water, that contains 
several cations, the cations of the minerals are replaced by cations 
from the solution until equilibrium is reached, the relative extent of 
replacement by the different cations depending on the relative 
amounts of the cations in the solution and on their respective replac- 
ing powers. Sea water contains approximately 4.6 equivalents of 
sodium to 1 of magnesium, but the relative replacing power of mag- 
nesium is so much greater than that of sodium, that a calcium base- 
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exchange mineral acted on by sea water contains (in terms of milli- 
equivalents per 100 grams) as much replaceable magnesium, as 
sodium, or even more. Kelley and Liebig® demonstrated this experi- 
mentally by treating bentonitic clay in the calcium state with sea 
water. The results are shown in Table IV. 


TABLE IV 


EFFECT OF SEA WATER ON BENTONITIC CLAY 
(Milli-equivaients of replaceable base per 100 grams of clay) 


Ca Mg Na K 
Before treatment............. 106.0 ° ° ° 
After treatment............. 10.85 48.35 39-13 6.9 


Kelley and Liebig also found that shales which contained, before 
treatment with sea water, an average of 3.8 milli-equivalents per 100 
grams replaceable calcium, and 11.2 milli-equivalents of sodium with 
negligible amounts of replaceable magnesium, contained, after treat- 
ment, an average of 2.69 milli-equivalents per 100 grams of replaceable 
calcium, 6.24 milli-equivalents of replaceable magnesium and 5.75 mil- 
li-equivalents of replaceable sodium. Apparently, therefore, some re- 
placeable sodium was given up by the clay for magnesium on treat- 
ment with sea water. 

The calcium/sodium and magnesium/sodium ratios (based on 
equivalents per million) of sea water are 0.045 and 0.230, repectively. 
In the uncontaminated waters taken for comparative purposes the 
calcium/sodium ratios range from 0.005 to 0.163 and the magne- 
sium/sodium ratios range from 0.004 to 0.168. In the representative 
sodium bicarbonate waters of which analyses are given in Table I the 
calcium/sodium ratios range from 0.007 too.15 and the magnesium/so- 
dium ratios range from 0.002 to 0.093. If the base-exchange minerals 
in the sands from which the salty waters are derived, are at equilib- 
rium with sea water, they would not react with sea water. Conversely, 
if they are at equilibrium with water having a lower calcium/sodium 
and magnesium/sodium ratio, like that commonly found at depth in 
the Coastal Plain, they would tend to remove calcium and magnesium 
from sea water, substituting sodium. 

There is more relative difference between the magnesium/sodium 
ratios of sea water and the deep sodium bicarbonate waters than there 
is between the-calcium/sodium ratios. If, therefore, the base-ex- 
change minerals are at equilibrium with waters having lower Ca/Na 

5 W. P. Kelley, “‘Base Exchange in Relation to Sediments,”’ Recent Marine Sedi- 
menis, A Symposium (Amer. Assoc. Petrol. Geol., 1939), P. 455. 


6 W. P. Kelley and G. F. Liebig, Jr., ““Base-Exchange in Relation to Composition 
of Clay with Special Reference to Effect of Sea Water,’ Bull. Amer. Assoc. Petrol. 
Geol., Vol. 18, No. 3 (March, 1934), pp. 358-67. 
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and Mg/Na ratios than sea water, like the sodium bicarbonate waters, 
there would be a tendency for them to remove more magnesium than 
calcium from sea water. Between the salty waters (represented graphi- 
cally in Figures 2, 3, and 4) and the corresponding theoretical mixtures 
of fresh waters with the amount of sea water indicated by the chloride 
content of the salty waters, there is a greater difference in magnesium 
content than in calcium content—the magnesium content of all the 
salty waters is notably less than that of the corresponding theoretical 
mixture—whereas the calcium content is approximately the same in 
several of the salty waters as in the corresponding mixtures. 

These relations indicate that the base-exchange minerals in the 
water-bearing sands are not at equilibrium with present-day sea water 
or with mixtures of sea water and fresh water, but are at equilibrium 
with water having lower Ca/Na and Mg/Na ratios like the sodium 
bicarbonate waters commonly found at depth in the Coastal Plain. 
This suggests that the sands have at some time been flushed of salt 
water farther downdip than at present by waters like those found at 
depth in the Coastal Plain and that the salt water now contaminating 
the ground waters is a renewed advance inland of salt water. 

Only three of the salty waters (1c, 2c, and 6c) havea sulphate con- 
tent comparable with that of the corresponding theoretical mixture 
(1b, 2b, and 6b respectively). In all the other salty waters the sulphate 
is lower, by a greater or less amount, than the sulphate in the corre- 
sponding mixture. One salty water (gc) has only 4.3 parts per million 
of sulphate, compared with 96 parts in the corresponding mixture (gb). 

Reduction of sulphate is a well known phenomenon in oil-field 
waters and in waters associated with sulphide ores occurring in car- 
bonaceous rocks. Waters like these in which reduction of sulphate is 
recognized are ordinarily associated with organic matter, suggesting 
that reduction of sulphate is, in some manner, related to the presence 
of organic matter. The finding of sulphate-reducing organisms in oil- 
field waters has been reported by Gahl and Anderson,’ Bastin and 
Geer,* Ginter,® Ginsburg-Karagitscheva,! and others. Whether such 
organisms were entrapped in the sediments at the time of deposition 


7R. Gahl and B. Anderson, “Sulfate-Reducing Bacteria in California Oil-Field 
Waters,”’ Centralbl. f. Bakt., 11 Abt., Vol. 73 (1928), pp. 331-38. 
_ _%E.S. Bastin and F. E. Geer, “Additional Data on Sulphate-Reducing Bacteria 
in Soils and Water of Illinois Oil Fields,’’ Bull. Amer. Assoc. Petrol. Geol., Vol. 14 
(1930), Pp. 153-59. 

__*R. L. Ginter, “Causative Agents in Sulphate Reduction in Oil-Field Waters,” 

ibid., pp. 139-52. 

10 T. L. Ginsburg-Karagitscheva, “Microflora of Oil Waters and Oil-Bearing For- 
mations and Biochemical Processes Caused by It,” ibid., Vol. 17, No. 1 (January, 
1933), PP. 52-65. 
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and have been there ever since or whether they were carried down- 
ward from the surface by meteoric waters is not susceptible of proof 
at the present time. In blue muds on the sea bottom, in river muds, 
and in sewage, sulphates are reduced by anaerobic bacteria but it is 
the opinion of some geologists that such organisms could not survive 
after burial under hundreds of feet of sediments and that survival of 
solid organic matter in the sediments is indicative of ultimate suppres- 
sion at some stage of biochemical decomposition. They postulate that 
reduction of sulphate has been brought about by inanimate organic 
matter. However, no experimental evidence has yet shown that sul- 
phates can be reduced by inanimate organic matter at the reasonably 
low temperatures of the earth’s sedimentary rocks, although such 
reduction can take place at high temperatures (700°—1,000°C.). Future 
work may yet show, however, that reduction of sulphate can take 
place in the presence of inanimate organic matter at very slow rates 
at ordinary temperatures. 

In 1895, Murray and Irvine" reported that waters drained from 
blue muds on the ocean bottom were lower in sulphate and higher in 
bicarbonate than the normal sea water from which they were derived. 
The increase in bicarbonate was approximately equivalent to the de- 
crease in sulphate. In some of the waters examined there had been, 
compared with normal sea water, a decrease of 500~-1,000 parts per 
million in sulphate, and an increase of 600~-1,200 parts per million in 
bicarbonate. As the calcium content of the waters had not increased, 
the increase in bicarbonate was apparently not due to solution of cal- 
cium carbonate in the muds but to ‘‘the deoxidation of sulphates by 
organic matter in the muds, and the subsequent decomposition of the 
alkali or alkaline earth sulphides by the carbonic acid thus produced.” 
Thus in sediments containing organic matter, like many sediments in 
the Coastal Plain, connate waters may be characterized from the time 
of their burial by a lower sulphate and a higher bicarbonate content 
than normal sea water. 

Admixture of such connate waters with fresh ground waters would 
result in salty waters having a lower sulphate content than would 
result from a mixture of normal sea water and ground water. Such an 
interpretation of the low sulphate in some of the salty waters along the 
coast is not incompatible with the flushing of the water-bearing beds 
implied by the low calcium and magnesium content of the waters. The 


1 J. Murray and R. Irvine, “On the Chemical Changes Which Take Place in the 
Composition of Sea Water Associated with Blue Muds on the Floor of the Ocean,” 
Trans. Royal Soc. Edinburgh, Vol. 37 (1895), pp. 481-509. 


12 Tbid., p. 485. 
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connate water in the beds may at some time have been forced seaward 
but may not have been completely flushed from the beds. A subse- 
quent lowering of the fresh-water head relative to the head of salt 
water would have permitted an advance inland of connate salt water 


backed by present-day sea water, provided the water-bearing bed had 


a submarine outcrop. 

Salty water in which there has been no apparent reduction of 
sulphate but in which there has been an exchange of calcium and 
magnesium for sodium (Fig. 2, 1c and 2c, and Fig. 3, 6c) would result if 
the connate salt water had at some time been completely flushed from 
the water-bearing bed and a subsequent lowering of the fresh-water 
head had permitted normal sea water to move inland. In a formation 
that contained no organic matter salty waters with low calcium and 
magnesium content but normal sulphate content might represent a 
readvance of either connate salt water or present-day sea water. 

However, there is no evidence that definitely shows whether the 
apparent reduction of sulphate in these salty waters along the Atlantic 
and Gulf coasts was brought about by living sulphate-reducing organ- 
isms or by inanimate organic matter or whether reduction took place 
at the time the sediments were deposited or subsequent to their 
burial. 

SUMMARY 


Salty waters encountered in water-bearing sand along the Atlantic 
and Gulf coasts are characteristically lower in calcium, magnesium 
and sulphate and higher in sodium than theoretical mixtures of fresh 
uncontaminated waters from the same formations and the amount of 
sea water indicated by the chloride content of the salty water. These 
differences in chemical composition are attributed to (1) base-ex- 
change and (2) reduction of sulphate. 

From the base-exchange indicated by the low calcium and mag- 
nesium content of the salty waters it may be inferred that base- 
exchange minerals in the sands from which the waters were derived 
are not in equilibrium with present-day sea water or with salty waters 
formed by the mixture of sea water with fresh ground waters in which 
sodium bicarbonate is the predominant constituent. These relations 
suggest that the water-bearing sands have at some time been flushed 
of salt water farther downdip than at present by water having lower 
Ca/Naand Mg/Na ratios and that the salt water now contaminating 
the fresh waters is a new advance inland of salt water. 

The low sulphate content of the salty waters may be compared to 
the low sulphate content of oil-field waters. But whether the causative 
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agent of the reduction was living sulphate-reducing organisms or in- 
animate organic matter can not be definitely proved at the present 
time. Nor can it be proved whether reduction took place at the time 
the sediments were deposited or subsequently. The low sulphate con- 
tent of waters drained from blue muds on the sea bottom reported by 
Murray and Irvine and the reduction known to take place under 
environmental conditions like those under which some of the sedi- 
ments in the Coastal Plain were laid down suggest that the parent 
salt waters of these salty waters may have been connate waters in 
which sulphate had been reduced. 

Such an interpretation of the low sulphate in some of the salty 
waters along the coast is not incompatible with the flushing of the 
water-bearing bed implied by the low calcium and magnesium con- 
tent of the waters. The connate water in the beds may some time have 
been forced seaward but may not have been completely flushed from 
the beds. A subsequent lowering of the fresh-water head relative to 
the head of sea water would have permitted an advance inland of con- 
nate water. 

Although all the salty waters here considered appear to have 
undergone similar alterations in mineral content, it does not ‘neces- 
sarily follow that all salty waters found along the Atlantic and Gulf 
coasts have undergone the same alterations. If a sand formation has 
not been flushed of connate salt water at least as far seaward as the 
present coast line, or if a formation contains no base-exchange min- 
erals, exchange of calcium and magnesium in the waters for sodium 
would not take place. And if a formation contains no organic matter 
it is not likely that there would be a reduction of sulphate. Under dif- 
ferent conditions the salty waters would be expected to show different 
characteristics. However, the fact that unselected salty waters from 
widely different sources, both geographically and geologically, in the 
Atlantic and Gulf Coastal Plain have apparently undergone similar 
alterations in mineral composition seems to indicate that the condi- 
tions causing these alterations are rather general throughout the area. 
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-GEOLOGICAL NOTES 


1941 SUPPLEMENT TO SUTTER (MARYSVILLE) 
BUTTES DEVELOPMENT,'! SUTTER COUNTY, CALIFORNIA 


WALTER STALDER? 
San Francisco, California 


During the nine intervening years since the gas and oil possibilities 
of the Sutter (Marysville) Buttes of Sutter County, California, were 
described,* six wells have been drilled there. From these, information 
has been developed by which it is now possible to make deductions 
that will have further application in this same field and may serve to 
explain similar conditions elsewhere. The accompanying diagram and 
section outline certain of these data and deductions. 

In the original description of the gas and oil possibilities of this 
area attention was drawn to the andesite core and later rhyolite and 
andesite stocks which here intruded the thick sediments of the Sacra- 
mento Basin, resulting in a central igneous core surrounded by inter- 
mittent stocks and a sedimentary ring with the strata dipping away 
from the igneous mass and presenting a gas and oil problem that 
appeared to have some similarities to the salt domes of the Gulf 
Coastal Plain and to the volcanic plugs of Mexico. Two types of 
possible production were anticipated. The first was in baked and 
cracked shales adjacent to the igneous core or beneath any sills pro- 
jecting from it. Under this condition it would be possible for oil to 
migrate along the igneous sedimentary contact in the baked and 
cracked beds from depths below the reach of the drill. The second 
was in lateral sands abutting the igneous core as around salt domes. 

Wells No. 1 and No. 2 were drilled in Chico (Cretaceous) sediments 
near the igneous contact to test the first suspected condition. (See 
outline map.) 

Well No. 1 reached a depth of 2,727 feet. At 2,100 feet considerable 
gas appeared in the shales. At 2,482 feet this well encountered andesite. 
From 2,497 to 2,524 feet a very brittle cracked shale body was drilled 
through. This had a strong gasoline-like odor. The hole below 2,524 
feet was mostly andesite with some thinner shale partings. The well 
had strong gas showings and was eventually completed as a gas well 


1 Manuscript received, March 13, 1941. 
2 Consulting petroleum geologist, Crocker Building. 


3 Walter Stalder, ‘‘Structural and Commercial Oil and Gas Possibilities of Central 
Valley Region, California,’ Bull. Amer. Assoc. Petrol. Geol., Vol. 16, No. 4 (April, 
1932), Pp. 361-64. 


852 


{ 
| 
| 
} 


T 


853 
A 
2 4 B 
Sea Level 

NESS 

Top But te Gravels 

- 5000 
! 
1 


' 
' 
Gas | 

33 34 | 36 
! 
1 E. R. 2 
> 


OUTLINE MAP AND SECTION 


SUTTER (MARYSVILLE) BUTTES 
SuTTER COUNTY, CALIFORNIA 
Feb. 1941 


WALTER STALDER 


Cons, Pet. Geologist 


San Francisco 


i 
i 
| 
! 
| /gneous Core 
| 
if 


854 GEOLOGICAL NOTES 


which settled to a closed-in pressure of 1,275 pounds and a maximum 
flow of more than 1 million cubic feet of gas per day. 

Well No. 2 was drilled near by to test lower horizons. It was 
started in Chico (Cretaceous) sediments. The gas pressure became so 
great that heavy materials and colloids were added to the drilling 
mud. At 2,980 feet it entered andesite and continued in it to 4,983 feet. 
From this point it continued in Cretaceous sediments with gas show- 
ings to 5,929 feet where andesite and dacite extending to 6,650 feet 
were encountered. Beneath these to bottom at 7,014 feet sediments 
were logged and the well cored diorite with calcite at 7,014 feet. When 
tested it failed to produce as had well No. 1 only 750 feet away. The 
well now stands idle. Geologically, the information obtained serves to 
shed light on some important structural conditions at the south. 

Wells Nos. 3 and 4 tested the second condition of lateral sands, 
and were drilled through Tertiary beds and into the Cretaceous sedi- 
ments. Well No. 4 was drilled to and completed in a gas zone with 
bottom at 5,855 feet (from surface). It had a reported maximum 
gauged flow of 21,546,000 cubic feet. Its pressure was 2,850 pounds 
before the test and reached a reported 3,200 pounds when the well was 
again shut in. Well No. 3 was drilled to 6,954 feet and is perforated to 
produce from three zones between 5,887 and 6,881 feet. An upper gas 
zone at about 5,000 feet is not open to either well. 

Wells Nos. 5 and 6 have more recently been completed. Well No. 
5 is perforated to produce from approximately 5,360 to 5,450 feet from 
a zone that may be the same as that passed by in wells 3 and 4. No. 5 
was gauged at 20,800,000 cubic feet through a 3-inch bean. Well No. 
6 was drilled to explore to deeper zones to 7,650 feet. It is now about 
to be put on production from several zones between 4,680 and 5,100 
feet. These zones are shallower than the productive zone of well No. 5. 

To date a total of seven or possibly eight separate thin zones 
through a thickness of about 2,000 feet have demonstrated gas ac- 
cumulation from lateral sands. 

The fact was early noted that Cretaceous sediments abutting the 
igneous core near wells 1 and 2 dipped at angles of 75° S., and $ mile 
farther south the Ione sandstone and Butte gravels (Eocene) were 
found with go° dips or slightly overturned. After well No. 2 had 
passed through the 2,000-foot chonolith between 3,000 and 5,000 feet, 
a simple explanation for this condition was afforded. This intrusion 
had forced the sediments immediately in front of it, from the 75° 
angle to which they had been tilted by the initial andesitic intrusion, 
outward and raised them to go° between the two faults which hypo- 
thetically extend along the projection of the upper and lower faces of 
the irregular mass. (Section AB on the diagram represents the faulting 
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as along straight lines. This is for illustration of the principle involved. 
The irregularity of the intrusion would necessarily make the faulting 
also irregular. Some steeply dipping beds around the buttes at several 
localities suggest other irregularities of the underground intrusions.) 

In an undrilled area on the southwest side of the buttes is a similar 
condition of steeply tilted sediments away from the igneous core. The 
deduction is that a similar intrusion projects from the core in this 
vicinity and drilling can be planned accordingly. 

Inasmuch as well No. 3, about 2 miles from the andesitic core, 
produces gas from a zone which rises toward the core, a fairly large 
area may be postulated as possibly productive. Such a prospective 
area may be roughly outlined by a circle with a radius from the center 
of the igneous core to well No. 3. Due to stocks, sills and possibly 
hidden steep dip of beds from the core out to the valley, all of the land 
within such a circle will not be productive. It will be found, however, 
to enclose a sedimentary area of about 20,000 acres in which further 
exploration will determine the true limits. On this problem the seismo- 
graph might be used to advantage. 

The Buttes wells have been supplying surrounding towns and in- 
dustries with gas since November, 1938. Well No. 1, which was the 
high-pressure Cretaceous discovery well in northern California, was 
brought in, February 9, 1933. It has been a small producer, gas being 
used for steam and other purposes near the site. It now stands closed 
in at 600 pounds pressure. Wells 3, 4, 5, and 6, all of which yield gas 
from lateral sands, are the present producers. 

To date, no commercial oil has been found in the wells drilled. 
However, a brownish oil, with high gas-oil fractions, drips in small 
amounts from the gas line of well No. 4. The gas from all wells has a 
gasoline-like odor but can not be classified as wet gas. Its heating 
value ranges from 1,004 to 1,020 B.T.U., and it contains some ethane 
and heavier hydrocarbons in very small amounts. 

In well No. 2, oil indications were noted when drilling through 
some of the Cretaceous shales. 

On the west side of the Sacramento Valley in the Horsetown beds 
(Cretaceous) in Sec. 31, T. 15 N., R. 4 W., M.D.B. & M., Colusa 
County, is a well defined outcropping of oil-impregnated sand with a 
small oil seep. Should the Cretaceous beds have the same thickness at 
the Sutter (Marysville) Buttes as on the west side of the valley, these 
Horsetown oil sands would be expected in the area of wells 3, 4, 5, or 
6 at depths ranging from 13,000 to 14,000 feet. It was because of such 
oil-bearing members around the central core of the Buttes that the 
first exploration was begun near the core. As yet this problem has not 
been thoroughly explored. Contradicting this idea, the suggestion 
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has been made that well No. 2 encountered basement rocks and that 
therefore the Horsetown beds should not be expected around the 
buttes. Since diorite is commonly intrusive, there is not sufficient evi- 
dence to indicate that the diorite found in the bottom of well No. 2 
is a basement rock. Remembering that this same well was drilled for 
almost 2,000 feet in an andesitic intrusion, it would seemingly take a 
greater thicknéss than that of just one core to prove that the basal 
diorite is not intrusive. Until some well near the structure is definitely 
drilled to an appreciable depth into a basement rock this question will 
not be settled. 

To date, sufficient drilling has not taken place near the buttes to 
reveal all of the gas and oil possibilities. Present development has 
indicated that cracked shales in the vicinity of the igneous core are 
gas producers and lateral sands similar to those around salt domes also 
are productive, as was anticipated before drilling was commenced. 
The problem as originally outlined is therefore proved as far as gas 
production is concerned. 

4 Walter Stalder, op. cit., p. 364. 


SECTION OF HYDROLOGY OF AMERICAN 
GEOPHYSICAL UNION! 


PAUL WEAVER? 
Houston, Texas 


The branch of economic geology closest to the investigation of 
petroleum deposits is the investigation of underground water supplies, 
partly because the latter is also concerned with the migration and 
accumulation of fluids, and also because stratigraphic variation is 
important in both subjects in its control of the economic importance 
of individual deposits. The Geological Society of America and the 
American Association of Petroleum Geologists have published very 
few articles dealing with underground water. The Society of Economic 
Geologists has devoted more attention to this subject but Economic 
Geology, its publication, is not read by all petroleum geologists. 

At the present time, the most important medium for publication 
of papers relating to underground water is the Section of Hydrology of 
the American Geophysical Union. Other sections dealing with funda- 
mental divisions of geology are the following: Geodesy, Seismology, 
Meteorology, Terrestrial Magnetism and Electricity, Oceanography, 
Volcanology, and Tectonophysics. 


1 Manuscript received, February 16, 1942. 
2 Chief geophysicist, Gulf Oil Corporation. 
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The Transactions for 1941 contain more than 1,000 pages of ab- 
stracts and articles prepared by members of the different sections, 
and, in addition, the Section of Hydrology has issued for several years 
an annotated bibliography of articles on hydrology, including not 
only the movement of fluids underground, but snow and rainfall, 
floods and dam problems. 

The writer strongly urges the members of the American Association 
of Petroleum Geologists to familiarize themselves with the possibilities 
of expansion of underground water supplies in their neighborhood, 
and to take an active interest wherever possible in the scientific con- 
servation and utilization of these resources. The scientific training of 
the members of the A.A.P.G. and their experience in mapping surface 
formations enable them to help with the many problems connected 
with underground water supplies, and such help should appeal to 
them as a part of their duty as citizens in their local communities; 
however, it is necessary that the petroleum geologist familiarize him- 
self with the special technical literature dealing with water supply such 
as that published by the Water Resources Division of the United 
States Geological Survey, and he can best do this by affiliation with 
the Section of Hydrology of the American Geophysical Union, and it is 
hoped that those geologists sufficiently qualified by experience and 
interested in the subject, will join the Union. The annual dues are 
$3.00, and full particulars concerning the qualifications of membership 
may be obtained by addressing J. A. Fleming, general secretary, 
American Geophysical Union, 5241 Broad Branch Road N.W., Wash- 
ington, D. C. 

The committee on applications of geology also urges the geological 
societies affiliated with the A.A.P.G. to give consideration to the ap- 
pointment of committees to study local water problems, and that on 
their programs there be included speakers who may be able to explain 
some of the problems peculiar to their particular district, especially as 
related to the stratigraphy. 


A SILURIAN GRAPTOLITE ZONE IN 
CRANE COUNTY, TEXAS! 
CHARLES E. DECKER? 
Norman, Oklahoma 
In June, 1941, William Hilseweck of the Gulf Oil Corporation, 
Fort Worth, Texas, sent the writer a section of a well core on the sur- 
face of which there are a number of fragments of graptolites. While he 
1 Manuscript received, February 25, 1942. 
2 Professor of paleontology, University of Oklahoma. 
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did not determine the species, he was correct in considering it a Silu- 
rian graptolite. He thus determined the Silurian age of the black shaly 
limestone which had been considered Devonian, and thought to be 
closely related to a Devonian micro-fauna above this formation. Re- 
cently, M. E. Upson has supplied some additional information and has 
indicated that the Gulf Oil Corporation has given permission to pub- 
lish it. The writer made rapid sketches of the graptolites in the core 
under the graptolite microscope, measured their characteristic fea- 
tures, and identified them as parts of Monograptus vomerinus (Nichol- 
son), a typical Wenlock, Silurian, graptolite. 

The core came from the Gulf well No. 1, University F, SE. }, Sec. 
22, University Lands, Block 31, Crane County, Texas. The graptolites 
are in a dense black shaly limestone 9,340 feet below the surface. Be- 
neath the black shaly limestone a white limestone has been considered 
Silurian, or possibly Fernvale (Ordovician), in age. 

Several fragments of graptolite rhabdosomes occur on the surface 
of the core, but only six of them are large enough to be of value in 
determining the species, and none of them represents more than one- 
half of a rhabdosome. Still these fragments are sufficiently diagnostic 
as to determine the species definitely as Monograptus vomerinus 
(Nicholson). One needs to be very familiar with this species in its vari- 
ous aspects. It differs so much in appearance in different views—side, 
apertural, and posterior—and when tilted at various angles, that one 
unfamiliar with these marked variations in appearance might readily 
conclude that they represent several different species. Besides the 
monograptid, some very small fragments of slender forms show 
branching, indicating the presence of dendroid graptolites which are 
so characteristic of the Silurian in Illinois, Indiana, and Canada. Also 
a conodont jaw occurs with the graptolites. Although it is larger, it is 
somewhat similar to Gyrognathus primus Stauffer, a much older form 
from the Decorah (Ordovician) shale of Minnesota. 

The fragments of Monograptus on the core present various views, 
dorsal (Fig. 2a), lateral (Fig. 2b, 2d, 2e, 2f), tilted toward apertural 
(Fig. 2c). 

Elles and Wood? have described and illustrated this species in an 
excellent manner and have given a synonymy of six references. Also, 
they have described and illustrated three varieties of the species. In 
the Chicago region the largest variety basilicus is common, but in the 
Crane County region most of the forms seem to represent the regular 
species. However, the large amount of overlap in one specimen sug- 


8 Gertrude L. Elles and Ethel M. R. Wood, Monograph of British Graptolites (1901- 
1918), pp. 409-10, text Figs. 275a-f and 276a, b, Pl. 41, Figs. ra-e. 
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EXPLANATION OF PLATE 


Figures 1a-e, from the Chicago region for comparison; 1a, e lateral views, and rc 
dorsal view of Monograptus vomerinus (Nicholson); tb and 1d transients between M. 
vomerinus and the variety basilicus,—all X 4. 


Figures 2a-f and 3 from core of well, Crane County, Texas. Figure 2a, dorsal view; 
2c tilted toward apertural view; 2d, e, f, lateral views of Monograptus vomerinus; af is 
from near the proximal end of a rhabdosome much like the Beta variety of Elles as noted 
in text; 2b a transient between M. vomerinus and the variety basilicus—all X4. 


Figure 3, conodont from Crane County, Texas, core; similar to Gyrognathus primus 
Stauffer from the Decorah shale (Ordovician) of Minnesota— X8. (Figures are tracings 
from camera lucida drawings by the writer with a Parkes-Lapworth graptolite micro- 
scope. The shading is with ink from a Chinese ink stick.) 


gests an approach toward the variety basilicus (Fig. 2b). This latter 
form is much like Figure 1b from the Chicago region. While the speci- 
men represented in Figure 2b has the overlap of the thecae characteris- 
tic of the variety basilicus no part of it reaches a width of 2 mm., 
typical of that variety; however, the part preserved represents a posi- 
tion near the proximal end of the rhabdosome. At a more distal posi- 
tion the width may have increased to 3 mm. 
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A little earlier Elles‘ described three varieties of M. vomerinus, 
calling them a, 8, y, and illustrated them natural size. The Texas speci- 
men represented in Figure 2f is much like the 8 variety, shown by 
Elles in text Figure 16. Both are slender, widening gradually, and both 
have the proximal end bent backward giving a gentle curve to that 
end of the rhabdosome. 

In describing a Silurian worm from the upper Lockport shale 
(Niagaran) at Blue Island, Illinois, Roy and Croneis® have illustrated 
and described Monograptus vomerinus and several dendroid grapto- 
lites. However, they did not recognize the presence in the fauna of the 
large variety basilicus. 

A general classification of Monograptus vomerinus follows; the spe- 
cies is described and its varieties noted; its range and stratigraphic sig- 
nificance are discussed; and its distribution is given. 


Graptiloidea Lapworth 
Axonophora Frech 
. Monograptidae Geinitz 
Monograptus vomerinus (Nicholson) 
Figures 2a, c, d, e, f 


This is a typical monograptid of rather large size in which the 
rhabdosomes are nearly straight with a slight curve at the proximal 
end in some specimens, as in Figure 2f. They are sturdy and have 
marked rigidity doubtless due in part to the highly developed virgula 
along the dorsal margin. The length may be as much as 800 mm. and 
the width up to 2.5 mm. The overlap of the thecae is about one-half 
their length. In the more robust variety the width is 3 mm. and the 
overlap three-fourths. The angle of inclination of the thecae varies 
from 30° to 40° or more. The axes of the thecae seem to be subject to 
marked torsion to account for the aspects which the compressed rhab- 
dosomes assume. Some of the thecae approach the form of those in 
Climacograptus as shown in Figure 1a and the lower theca in Figure 
2d. The thecae occur 10 to 11 in 10 mm. Circular muscle scars show 
prominently on some specimens as in Figures 1d, 1c, and 2d. In com- 
plete specimens the sicula is commonly well preserved and reaches a 
length of 1.25 to 1.5 mm. The sicula is conspicuous at the proximal end 
of the relatively small rhabdosome shown in Figure 1a. The virgula is 
conspicuous and rigid, and generally extends a considerable distance 
beyond the distal thecae. 


4 Gertrude L. Elles, “Zonal Classification of the Wenlock Shales of the Welch 

Borderland,”’ Quar. Jour. Geol. Soc. London (1900), Vol. 56, pp. 403-05, Figs. 15, 16, 17. 

5S. K. Roy and Carey Croneis, ‘‘A Silurian Worm and Associated Fauna,” Field 

- useum of National History Pub. 298, Geol. Ser., Vol. 4, No. 7 (1931), p. 245, Pl. 45, 
igs. 9-14. 


38 
4 
4 


4 
4 
3 
i 


GEOLOGICAL NOTES 861 


Little is known of the associates of Monograptus vomerinus in 
Texas except that there is a strong suggestion of the presence of the 
variety basilicus. Some tiny branching fragments seem to indicate that 
dendroid forms were present, and the conodont indicates the presence 
of worms with jaws. 

In Great Britain Monograptus vomerinus has rather a long range 
through the Wenlock shales, but some of the varieties have a much 
more limited range. 

This Silurian graptolite zone in Crane County, Texas, has distinct 
stratigraphic importance, as it is clearly an older phase of the Silurian 
than the monograptid zone near the base of the Henryhouse shale in 
Oklahoma. It may be definitely correlated with the upper Lockport 
shale (Niagaran) along the drainage canal at Blue Island near Chicago, 
Illinois. 

Monograptus vomerinus has wide distribution outside of this coun- 
try in England, Sweden, Bohemia, and Australia. 

Crane County, Texas, may become noted for its subsurface grapto- 
lite horizons. The writer® has already described and illustrated Didy- 
mograptus protobifidus Elles from the Gulf Oil Corporation’s McKnight 
No. 3 in that county. By the courtesy of the same company, the 
writer has two graptolites from McKnight No. 4 in Crane County 
from two different zones. These consist of an extensiform Didymo- 
graptus and a dendroid graptolite which have not been studied in de- 
tail. These may form the basis of another paper. 


6 Charles E. Decker, “‘Didymograptus protobifidus in North America,” Jour. Paleon., 
Vol. 15 (1941), p. 364, Pl. 53, Fig. 9. 


TEST ON CEDAR CREEK ANTICLINE, 
SOUTHEASTERN MONTANA! 


O. A. SEAGER? 
Bismarck, North Dakota 


The Carter Oil Company’s Northern Pacific No. 1, center, SW. i, 
SE. } of Sec. 19, T. 4 N., R. 62 E., Montana, was spudded on May 12, 
1941, and drilling was conan’ in amphibolite at 9,680 feet on Octo- 
ber 6, 1941. 

The Cedar Creek anticline was first described by W. R. Calvert? 
in 1910 as “‘a strongly pronounced anticline [which] extends from the 
Yellowstone River near the mouth of Cedar Creek southeast for about 


1 Manuscript received, February 26, 1942. 
2 Carter Oil Company. 


3 W. R. Calvert, “Geology of Certain Lignite Fields in Eastern Montana,” U.S. 
Geol. Survey Bull. 471-D (1912), pp. 187-201. 
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70 miles into the Dakotas.” Since the development of natural gas, 
the name Baker-Glendive has had strong local usage, particularly 
with reference to the gas fields. Several gas fields have been discovered 
and developed in minor folds along the axis of the anticline. The first 
pool (Gas City) was discovered in 1915 and later abandoned in 1926 
when the wells began to yield salt water. The largest wells (7 to 25 mil- 
lion feet) are on the Ash Creek dome, and the principal gas-producing 
area is about 27 miles in length, including the Cabin Creek and Baker 
districts. On the Little Beaver dome, yields are somewhat smaller. 

Three deep tests have been drilled previously on the anticline by 
the Montana-Dakota Utilities Company; two were on the Little 
Beaver dome, and one 5 miles northwest of Baker. The first and 
deepest of these was the Northern Pacific No. 1, Sec. 17, T. 4 N., 
R. 62 E., which was begun in September, 1935, and completed in 
August, 1936. Showings of oil were encountered at 6,747 and 8,130 
feet. A small amount of black oil is now being produced from the 
latter zone. The second well, Warren No. 1, Sec. 23, T. 8 N., R. 58 E., 
was drilled to the depth of 7,360 feet, but no commercial production 
was found. The third well, Smith No. 1, Sec. 8, T. 4 N., R. 62 E., was 
‘drilled 3,000 feet north of Northern Pacific No. 1, to the depth of 6,853 
feet, and now produces some black oil and considerable water from 
that depth. 

The subsurface stratigraphy of southeastern Montana plains and 
surrounding area has been receiving much attention from geologists 
working the area during the past few years. Confusion exists, as is 
evidenced by conflicting articles appearing in the A.A.P.G. Bulletin*® 
about the stratigraphy of the Baker-Glendive anticline, and in the 
1940 Kansas Geological Society Guide Book.® 

The following stratigraphic sequence penetrated by the Carter 
test should serve to clarify the uncertainty heretofore existing about 
this area. Formation tops were determined by examination of flow 
samples and cores, by use of both faunal and lithologic evidence, and 
were subsequently found to be consistent with “breaks” picked by 
electric-logging devices. Workers relying entirely on fauna may have 
occasion to differ with some of the formation tops listed. 


4F. W. DeWolf and W. W. West, “Stratigraphic Studies of Baker-Glendive Anti- 
cline, Eastern Montana,” Bull. Amer. Assoc. Petrol. Geol., Vol. 23, No. 4 (April, 1939), 
pp. 461-75. 

5 Donald M. Allen, Discussion on “Stratigraphic Studies of Baker-Glendive Anti- 
cline, Eastern Montana,’ and “Reply,” by F. W. DeWolf and W. W. West, ibid., Vol. 
23, No. 8 (August, 1939), pp. 1246-50. 

®C. L. Jones, “Contributions to Stratigraphy of Northern Great Plains Area,” 
Kansas Geological Society Guide Book 14th Field Conference (1940), pp. 129-39. 
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Upper CRETACEOUS 


Depth in Feet . 


Surface to 2,115 


—2,390 
—2,515 


-3,855 


—3,920 
—3;975 


—4,140 
—4,655 


—5,590 
-5,678 


-5, 880 


-5,985 


-6,075 


-6,350 
6,815 


-7,620 


-7,680 or 7,845 


7,680 to 7,845 


Pierre, a series of marine, Upper Cretaceous dark gray shale, con- 
taining two sandy zones, which produced gas on Cedar Creek struc- 
ture 

Niobrara, medium dark gray, calcareous, speckled shale 

Carlile, gray and buff-gray, sandy shale 

Graneros, marine, chiefly dark gray to black shale, containing 
siliceous Mowry, Belle Fourche, and Muddy (Newcastle) members 
Dakota, white and buff, medium-grained sandstone, containing 
water, separated by thin beds of dark gray shale 


LOWER CRETACEOUS 


Fuson, interbedded dark gray shale and variegated (green-gray and 


brown) silty shale 
Lakota, intercalated sands and dark shales. Basal sand, slightly 


conglomeratic and containing some black chert 


Jurassic 


Morrison, series of continental clays, sandy shales, and sandstones 
Sundance, series of interbedded maroon shales, sandy clay, sand- 
stones, and a few beds of limestones 


TRIASSIC 


Spearfish, consists of series of reddish brown to red shales and silt- 
stones, intercalated with some beds of red sandstone. Lower part 
of this bed is crystalline salt and anhydrite. This lower unit may be 
of Upper Permian rather than Triassic in age 


PERMIAN 


Minnekahta, thinly bedded purple, crystalline dolomite and lime- 


stone 
Opeche, hard, dolomitic, red shale, with few streaks of interbedded 


anhydrite 
PENNSYLVANIAN 


Minnelusa, series of sandstones interbedded with dolomite. Percent- 
age of dolomite increases toward base 


MISSISSIPPIAN 


Amsden. This formation is considered by some to be Pennsylvanian; 
however, the writer believes it to be Upper Mississippian. The 
—_— consists of pink to purple dolomite interbedded with red 
shale 


BIG SNOWY GROUP 
Otter, interbedded crystalline limestone containing some red 
shale and chert near middle 
Kibbey, red sandy shales with medial sandstone member 
Charles, series of interbedded limestones, dolomite, anhydrite, 
with some shales 
Madison (Pahasapa of the Black Hills), a series of alternating lime- 
stones and dolomitic limestone with several well developed chert 
zones in lower part. Upper part, 6,815-6,825, porous and saturated 
with black oil 
Englewood. Basal unit of Mississippian here represented by purple, 
mottled dolomite, with interbedded seams of maroon, purple and 
green variegated shales ; 
Age undetermined. By lithology, should belong to Englewood series. 
However, may represent older sediments 
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ORDOVICIAN 


The greatest change in section has occurred in the Ordovician beds. 
Normal section, as exposed in the surface in Black Hills, plus several 
units which have never been described before, are present in this 
well. Ordovician is divisible into two units: 

-8,300 Series of earthy and crystalline dolomites with some maroon shale 
seams in lower third. Basal unit consists of 68 feet of green, cal- 
careous shale, variegated, with maroon at top. This shale member is 
extremely fossiliferous 

-9,435 Upper half is granular crystalline limestone; lower part, interbedded 
green, sandy shale, limestone, and sandstone, sandstone increasing 
at base, becoming conglomerate 


CAMBRIAN 


-9,654 Deadwood. Represented by 219 feet of sandstone, with some inter- 
_ bedded dolomite and green shale 


PrE-CAMBRIAN 
-9,680 Amphibolite, total depth. 


The term Charles has been introduced to describe that series of 
beds lying between the basal member of Scott’s Big Snowy group’ and 
the Madison. The name Charles is suggested for this member, inas- 
much as the stratigraphic relationship between the Big Snowy group 
and the Madison was definitely demonstrated in the Arro Oil and 
Refining Company and the California Company’s Charles No. 4, 
Sec. 21, T. 15 N., R. 30 E., Montana. It may be that the Charles 
sediment fills the ‘‘gap’’ between Madison and Big Snowy time and 
should be included with the Madison. However, the widespread de- 
velopment of porosity in the upper part of the Madison indicates 
that the time break is here. Therefore, the Charles is included in the 
Big Snowy group and here considered the basal member. 

Several showings of oil were encountered in drilling, which were 
tested as drilling progressed, by a Halliburton tester, and subsequently 
by acidizing and swabbing through 23-inch tubing. The zones showing 
oil were 6,815 to 6,825, 8,320 to 8,350, 8,455 to 8,500, and 8,644 to 
8,659 feet. On testing, the only one showing any appreciable amount 
was from 6,815 to 6,825 feet. This produced by swabbing, after acidiz- 
ing, 707 barrels of fluid in 96 hours. The fluid averaged 23 per cent 
water, and the gravity of the oil was 27°. The operation was aban- 
doned after this test. 


7H. W. Scott, “Some Carboniferous Stratigraphy in Montana and Northwestern 
Wyoming,”’ Jour. Geology, Vol. 43, No. 8, pp. 1011-32. 
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RESEARCH NOTES 


SELECTED ANNOTATED BIBLIOGRAPHY ON 
OIL-FIELD WATERS! 


L. C. CASE,? E. T. HECK,? R. H. FASH,‘ H. E. MINOR,§ J. G. 
CRAWFORD,' F. W. JESSEN,?7 MARGARET D. FOSTER,® 
AND R. L. GINTER® 


The following bibliography is the result of combined efforts of the above 
members of group conferences on “Oil-Field Waters” which took place at the 
Chicago and Houston conventions of the American Association of Petroleum 
Geologists as one part of the research committee meetings. It was at first 
proposed to select a number of outstanding articles on the subject of oil-field 
waters. During discussion of the relative merits of a number of these articles, 
it became apparent that the existing need is much broader. Helpful criticism 
and opinions voiced by members have established the fact that the bibliogra- 
phy should include all possible oil-producing areas or countries. Also, the 
consensus is that it should be sufficiently comprehensive so that it may be 
used as a ready reference, and geologists may quickly form their own opinions 
concerning major articles in specific areas. The references are chronological 
under area headings. An additional list of general references is included under 
the heading of the United States. 

In addition to the references listed, it is suggested that the reader should 
refer also to the Water-Supply Papers of the United States Geological Survey 
and various State publications where underground waters are described inci- 
dental to other problems. Also, many oil-field descriptions in the literature 
contain short references concerning water encountered in drilling. Only oc- 
casional references in the special fields of water flooding, connate water, pro- 
duction problems, and sulphate reduction are included in the following bibli- 
ography. Many articles dealing with subsurface waters of foreign countries 
are not included because they are generally unavailable. 


UNITED STATES 


GENERAL ARTICLES 
1. CLARKE, FRANK WIGGLESWORTH 


“The Data of Geochemistry” 

U.S. Geol. Survey Bull. 330 (1908), rst ed., Bull. ggr (1911), 2d ed., Bull. 616 (1916), 
3d ed., Bull. 695 (1920), 4th ed., Bull. 770 (1924), 5th ed. 

This comprehensive work contains numerous analyses of waters and rocks of all 


1 Manuscript received, March 6, 1942. 

2L. C. Case, Gulf Oil Corporation, Tulsa, Oklahoma. 

3 FE. T. Heck, Geological and Economic Survey, Morgantown, West Virginia. 
4R. H. Fash, Fort Worth Laboratories, Fort Worth, Texas. 

5H. E. Minor, Gulf Oil Corporation, Houston, Texas. 

6 J. G. Crawford, United States Geological Survey, Casper, Wyoming. 

7 F, W. Jessen, Humble Oil and Refining Company, Houston, Texas. 

8 Margaret D. Foster, United States Geological Survey, Washington, D. C. 
9R. L. Ginter, Ginter Chemical Laboratory, Tulsa, Oklahoma. 


865 


| 


866 RESEARCH NOTES 


types. Waters of lakes and rivers are compared with those of the ocean and enclosed 
basins. The decomposition of rocks and the origin of the various types of waters are ably 
discussed. The origins of evaporites, secondary minerals, and sedimentary rocks are 
considered in connection with the study of water and its geologic réle. The chapter on 
the ocean contains many basic data which are closely related to the study of oil-field 
waters. A great many references are given as footnotes. 


2. LANE, A. C. 
‘“Mine Waters and Their Field Assay”’ 
Bull. Geol. Soc. America, Vol. 19 (1908), pp. 501-12; 1 fig., 2 tables 
Underground waters are classified: (1) meteoric group, (a) rain, vadose, or pluvial, 
(b) buried or connate which may be either marine or fresh; (2) juvenile or volcanic. 
A discussion is given on the occurrence of connate water and ground waters are com- 
pared with sea water. 


3. STABLER, HERMAN 
“Some Stream Waters of the Western United States”’ 
U.S. Geol. Survey Water-Supply Paper 274 (1911). 181 pp. 
Chemical analyses and suspended content are given for many streams of the 
western United States. A section is included on the industrial application of water analy- 
ses and the use of reacting values is suggested and fully explained. 


4. PALMER, CHASE 

“The Geochemical Interpretation of Water Analyses” 

U.S. Geol. Survey Bull. 479 (1911). 31 pp.; 1 fig., 5 tables 

A fundamental explanation is given on the dissolved salts in water as a chemical 
system of balanced values. The properties of natural waters are compared and grouped 
according to predominance of elements or radicals. Reacting values in percentages are 
used to derive the properties of salinity and alkalinity. This form of stating water 
analyses is especially serviceable in the practical study of water as a geologic agent, and 
it is now commonly and quite properly referred to as “the Palmer system of inter- 
pretation.”’ 


5. WASHBURNE, C. W. 
‘Chlorides in Oil Field Waters’’ 
Amer. Inst. Min. Eng. Trans., Vol. 48 (1914), pp. 687-93. 
The volcanic theory is advanced to explain the excess of chlorides in deep sub- 
surface waters. 


6. REEVES, FRANK 

“Origin of the Natural Brines of Oil Fields’’ 

Johns Hopkins Univ. Cir., Vol. 36, No. 293 (1917), pp. 57-68. 

Evidence is submitted, based on a study of brines in southwest Pennsylvania and 
West Virginia, to show their probable connate origin, since (1) their occurrence pre- 
vented lateral and vertical entrance of water, and () their chemical analysis not only 
shows greater similarity to ocean than surface water, but also the distribution of chemi- 
cal constituents is more accurately explained by connate origin. 


7. Rocers, G. SHERBURNE 


“The Interpretation of Water Analyses by the Geologist’’ 

Econ. Geol., Vol. 12 (1917), pp. 56-88. 

Palmer’s method of stating and interpreting water analyses is shown to be based 
on the principle that natural waters are balanced chemical systems having definite 
properties. These properties are further shown to summarize composition, to furnish a 
convenient basis for preliminary comparison and study and, finally to afford a measure 
of the potency of water as a geologic agent. Water analyses from the Midway and 
Coalinga fields, California, ocean water, analyses from wells bordering on the Ozarks, 
mine waters from Nevada and river waters from Oregon are used to illustrate different 
types of natural waters. 


8. RocEers, G. SHERBURNE 
“Chemical Relations of the Oil-Field Waters in San Joaquin Valley, California” 


U. S. Geol. Survey Bull. 653 (1917). 119 pp.; 7 figs., 14 tables. 
A detailed description is given of the nature and occurrence of subsurface waters 
in the oil fields bordering San Joaquin Valley. The marked differences in chemical com- 
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position between waters close to the oil measures and those at higher levels are discussed 
in view of stratigraphic and structural history. These differences are believed to afford 
a means of estimating the position of a water with respect to oil. Many references are 
given as footnotes. 


9. Jonnson, RoswELt H. 

“The Distribution of Underground Salt Water and Its Relation to the Accumula- 

tion of Oil and Gas”’ 

Bull. Amer. Assoc. Petrol. Geol., Vol. 2 (1918), pp. 172-76. 

The transition zone from fresh to salt water is not near sea-level, but often nearly 
parallel with the topographic surface. Causes of variation in depth to this zone are 
topography, dip, faults, and lithology. Oil and gas above this zone are largely dissi- 
pated. 


10. RoGERS, G. SHERBURNE 

“The Sunset-Midway Oil Field, California, Part II, Geochemical Relations of the 

Oil, Gas and Water’’ 

U.S. Geol. Survey Prof. Paper 117 (1919). 103 pp.; 2 pls., 8 figs. 

Much information is tabulated concerning the chemical and physical nature of the 
oil, gas, and water. These properties are summarized in relation to geologic occurrence. 
The waters of various zones are classified and their probable origin outlined. Striking 
differences are shown in the waters of shallow zones and those near oil. It is suggested 
that such differences should be a correlation aid and that they should also be useful in 
peeenetas as an indication of the presence or absence of oil. Contains references as 
ootnotes. 


11. Mitts, R. van A., and WELLs, ROGER C. 

“The Evaporation and Concentration of Waters Associated with Petroleum and 

Natural 

U.S. Geol. Survey Bull. 693 (1919). 104 pp.; 4 pls., 5 figs. 

The authors present an exhaustive study on the occurrence, distribution, and char- 
acteristics of water in the Appalachian fields. The occurrence of oil, gas, and water 
mixtures and their probable effects on one another are given consideration. The prob- 
able history of the oil- and gas-field waters is outlined, from inclusion in original sedi- 
ments through the processes of migration, cementation, solution, and concentration, 
or dilution. Data on temperature, pressure, and water content of natural gas are pre- 
sented as evidence that water can become concentrated at depth by the agency of mov- 
ing and expanding gas. Many phenomena are shown which are related to the occur- 
rence of water with oil and methods for determining the source of infiltrating water are 
suggested. Many references are given as footnotes. 


12. AMBROSE, A. W. 

“Underground Conditions in Oil Fields”’ 

Petroleum Technology Bull. 195 (1921). 238 pp.; 23 pls., 43 figs., 5 tables, 8 references, 

many footnotes. 

A detailed outline is presented on the assembling, compilation, and interpretation 
of data concerning underground conditions. More than one-half of this bulletin is de- 
voted to the study of water problems. The analysis and interpretation of waters are 
illustrated with examples from California fields. The persistence of certain characteris- 
tics and application to correlation are shown. Considerable space is devoted to the use 
of water analyses in production problems. 


13. WASHBURNE, C. W. 

“Oil Field Brines”’ 

Amer. Inst. Min. Met. Eng. Trans., Vol. 63 (1921), pp. 269-81. 

The concentration of oil-field brines is explained by the evaporating action of gas 
and by water vapor diffusing from sand to shale. Salt domes are not believed to be due 
to such processes, but to intrusion of salt plugs. 


14. MEINZER, Oscar EDWARD 

“The Occurrence of Ground Water in the United States”’ 

U.S. Geol. Survey Water-Supply Paper 489 (1923). 321 pp.; 31 pls., 110 figs. 

Principles of ground-water occurrence are fully discussed. Various terms concern- 
ing porosity, saturation, and drainage are defined, and methods of determining water 
yield of different aquifers are illustrated. The concluding chapters present a description 
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of the influence of structure on ground water and the main water-bearing formations 
of the United States. References as footnotes. 


15. PENN, L. A. 

“Correlation of Oil Field Water by Chemical Analysis’ 

Petrol. World, Vol. 10 (1925), pp. 34-102. ; 

The use of graphs is illustrated, by means of modified Tickell diagrams. Differences 
in the waters of several zones of the Elk Hills field, California, are shown. 


16. LANE, A.C. 

“Calcium Chloride Waters, Connate and Diagenetic”’ 

Bull. Amer. Assoc. Petrol. Geol., Vol. 11, No. 12 (1927), pp. 1283-1306; 4 tables, 22 

references. 

The calcium chloride waters commonly occurring with oil are explained as the 
result of absorption of water, magnesia, and other compounds in the formation of chlo- 
rite and the change of volcanic glass to bentonite. Base exchange reactions are thought 
to render the connate Na:C/ ratio more uncertain. 


17. REIsTLE, C. E., Jr. 

“The Identification of Oil Field Waters by Chemical Analysis” 

U.S. Bur. Mines Tech. Paper 404 (1927). 25 pp.}; 3 figs., 14 references. 

Covers occurrence of oil-field waters, characteristics, and methods used in report- 
ing. The advantages of graphic classification are outlined. Examples are given of the 
application of water analyses in the identification of unknown sands and waters. 


18. DE C1zaNcourt, M. H. 

“La question des eaux dans les gisements de petrol”’ 

Extrait des Annales de l’Office des Combustibles Liquides, No. 2 (1931), pp. 195-2243 

No. 5, pp. 875-910; 11 figs., 42 references. 

A summary is presented on the occurrence of oil-field brines and their classification 
according to the system of Palmer. Previous theories are reviewed concerning sulphate 
reduction and the alteration of oil and water by long contact. It is concluded that modi- 
fications in waters, due to such contact, would be useable in exploratory work. 


19. RUSSELL, WILLIAM L. 

“Subsurface Concentration of Chloride Brines’’ 

Bull. Amer. Assoc. Petrol. Geol., Vol. 17, No. 10 (1933), Pp. 1213-28; 2 tables, 21 

references, 

The author critically reviews all evidence regarding processes which may have pro- 
duced brines more concentrated than sea water. The conclusion is reached that deep 
evaporation, due to prolonged aridity, adsorption, and hydration, have been relatively 
more important than the evaporation of water into natural gas and other processes. 


20. GINTER, Roy L. 
“Sulphate Reduction of Deep Subsurface Waters’’ 
Problems of Petroleum Geology (Amer. Assoc. Petrol. Geol., 1934), pp. 907-253 1 fig. 
_ is a review of the problem of sulphate reduction. (38 references to the litera- 
ture. 


21. GARDNER, JAMES H. 

“Retreat and Advance of Connate Water as a Theory of Oil and Gas Accumulation” 

Bull. Amer. Assoc. Petrol. Geol., Vol. 21, No. 7 (1937), PP. 951-54. 

Orogenic movements of uplift and depression in and around sedimentary basins are 
believed to have caused connate waters to recede or advance through their respective 
zones, thus causing the flooding of oi] sands and the accumulation of oil in front of ad- 
vancing water sheets. 


22. C. F. 

Ground Water 

McGraw-Hill Book Co. (New York, 1937, 1st ed.). 593 pp.; 189 figs., 52 references. 

The author. presents an exhaustive study of ground water, from the standpoints of 
origin, occurrence, estimation, and geologic réle. Considerable attention is given to the 
hydrologic properties of different water-bearing materials and to water production from 
springs and wells. Many types of aquifers are described and the influence of various 
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factors on water table are shown. A chapter is included on oil-field fluids and discussion 
is given on origin, accumulation and production of these fluids. References are arranged 
under ground-water provinces of the United States and Hawaii. 


23. SCHILTHUIS, RALPH J. 
“Connate Water in Oil and Gas Sands” 
Trans. Amer. Inst. Min. Met. Eng., Vol. 127 (1938), pp. 199-214; 7 figs., 1 table, 41 
references. (Petroleum Development and Technology, 193 
A discussion of occurrence, origin, determination, and significance of connate water 
in oil and gas sands. 


24. FosTER, MARGARET D. 

“Base-Exchange and Sulphate Reduction in Salty Ground Waters along Atlantic 

and Gulf Coasts” 

Bull. Amer. Assoc. Petrol. Geol., Vol. 26, No. 5 (1942), pp. 838-51; 4 figs., 3 tables. 

Salty waters from wells along the Atlantic and Gulf coasts are low in calcium, mag- 
nesium, and sulphate in comparison with theoretical mixtures of sea water and fresh 
ground waters from about the same depth in the same formations, indicating that base- 
exchange and sulphate reduction have taken place. From the indicated occurrence of 
these phenomena conclusions are drawn about the origin of the contaminating salt 
water, whether present-day sea water or connate water. 


APPALACHIAN AREA 
1. Howarp, C. D. 

“Occurrence of Barium in the Ohio Valley Brines and Its Relation to Stock Poison- 

in 

West Virginia Univ. Agric. Exp. St. Bull. 103 (1906), pp. 281-95. 

A few very detailed brine analyses are given that are particularly noteworthy in 
that they show the presence of apprecichle quantities of lithium, ammonium, manga- 
nese, and phosphorous with traces of arsenic and boron. These are in addition to sodium, 
potassium, barium, strontium, calcium, gnagnesium, iron, alumina, silica, chlorine, bro- 
mine, iodine, and bicarbonate. The resr§ts of several experiments to determine the tox- 
icity of NaCl, CaCl. and BaCl, on bac. ria are reported. 


2. GRIMSLEY, G. P. 
“Tron Ores, Salt and Sandstones”’ 
West Virginia Geol. Survey, Vol. 4 
One of the few analyses given is 
analyses of Appalachian brines. The d 
gested that sulphate is absent due to pi 
barium. 


3. REEVES, FRANK 
“The Absence of Water in Certair 
Econ. Geol., Vol. 12 (1917), pp. 35: 
Evidence is shown that the sands 

do not show that there is a disappearan 
sedimentary strata are thought to be 


4. Mrits, R. van A., and WELLS, R 
“The Evaporation of Water at D 
Washington Acad. Sci. Jour., Vol. 
Waters associated with petroleum 

jected to noteworthy concentration of { 


(909). 603 pp.; 24 pls., 16 figs. 

ore complete than many of the more recent 
ussion of origin is largely omitted. It is sug- 
sence of barium, but no source is given for the 


ndstones of the Appalachian Oil Fields’’ 

8; 7 figs., 2 tables. 

es were dried out soon after deposition. Facts 
of water with depth. The brines of deep-seated 
nate. 


RC. 
th by Natural Gases” 
(1917), Pp. 309-10. 
hd natural gas in their reservoir rocks are sub- 
dissolved constituents incident to the extrac- 
tion of the hydrocarbons through wells. #his concentration is brought about by evapora- 
tion of the water in the expanding gas iftcident to its withdrawal. Much the same thing 
has occurred during geologic time. Connate waters have been evaporated by escaping 
Bases, thus contributing toward the formation of highly concentrated oil- and gas-field 
rines. 


5. Mitts, R. van A., and WELLs, RocER C. 
“The Evaporation and Concentration of Waters Associated with Petroleum and 
Natural Gas” 
U.S. Geol. Survey Bull. 693 (1919). 104 pp.; § figs., 4 pls. 
See abstract under general articles. 
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6. Torrey, Pavut D. 
“Oil Field Waters of the Bradford Pool” 
Amer. Inst. Min. Met. Eng. Tech. Pub. 38, issued with Mining and Metallurgy 
(1927). 15 pp.; 4 figs., 7 tables. 
Since the Bradford sand is of marine origin, it is assumed that the connate water of 
this zone is sea water which has been changed by deep-seated evaporation and possible 
reactions with the country rock. 


7. Bars, C. F. 
“Oil Field Water of Pennsylvania’”’ 
Pennsylvania State College Min. Indus. Exp. Sta. Bull. 8 (1931). 4 figs., 10 tables. 
A discussion is given concerning the nature of the connate waters and general con- 
ditions attendant to water-flooding operations. 


8. Srout, WiLBur, Lamsory, R. E., and ScHaar, Downs 


“Brines of Ohio”’ 

Geol. Survey of Ohio Bull. 37, 4th Ser. (1932). 123 pp.; 2 figs., 2 tables. 

Includes a brief history of the salt industry in Ohio by counties. The brines vary in 
concentration from 60,000 p.p.m. to 286,000 p.p.m. and are considered as fossil sea 
water. The absence of sulphates in some brines is thought due to presence of barium 
chloride. The H2S gas common to brines of limestone or dolomite formations appears to 
have been formed from the breaking-down of the fleshy tissues of animal life that flour- 
ished during the time of deposition of the strata. Of the 82 analyses, 62 were made by 
the Geological Survey of Ohio and 20 by the United States Geological Survey. 


9. ARTHUR M. 

“Ground Water in Southwestern Pennsylvania” 

Pennsylvania Geol. Survey Bull. W1, 4th Ser. (1933). 406 pp.; 40 figs., 1 map. 

General geology is described in an area of 4,700 square miles in southwest Pennsyl- 
vania. Anyone concerned with the geology of this area will be interested in the entire 
book, but the table of analyses (pp. 70-81) and the general discussion of analyses (pp. 
82-91) have a much broader application. The study of changes in the character of the 
water as it sinks into the ground from the outcrop is worthy of consideration by all who 
deal with water problems. Near the outcrop the waters are hard, but not of the so-called 
permanent hardness. Farther from the outcrop the water becomes soft water of the 
sodium bicarbonate type. The change is attributed to base-exchange. The mixing of this 
water with the chloride connate water is described. 


10. TorRrEY, Paut D. 

“Composition of Oil-Field Waters of the Appalachian Region’’ 

Problems of Petroleum Geology (Amer. Assoc. Petrol. Geol., 1934), pp. 841-53; 6 

tables. 

The relatively high concentration of Appalachian oil-field waters is attributed to the 
evaporative effect of expanding natural gas. In general, waters of the older formations 
are more saline, which may suggest some migration and accumulation of oil prior to the 
Appalachian revolution. The comparatively dilute nature of the Pennsylvanian waters 
is probably due to dilution by ground water and to limited migration and accumulation 
of oil in the Pennsylvanian rocks. 


11. Price, Paut H., Hare, CHARLES E., McCuE, J. B., and Hoskins, Homer A. 


“Salt Brines of West Virginia’’ 
West Virginia Geol. Survey, Vol. 8 (1937). 203 pp.; 23 pls., 18 figs., 45 references, 


I map. 
It is shown that the birth of the petroleum industry is closely connected with drill- 

ing for salt in the Kanawha Valley of West Virginia. A summary is given on the geology 
and stratigraphy of the state with particular reference to the brine-bearing formations. 
Typical West Virginia brines are compared with present ocean water and it is pointed 
out that, on a percentage basis, the brines are richer in calcium, strontium, barium, chlo- 
rine, bromine, and iodine, and poorer in magnesium, sodium, potassium bicarbonate, 
and sulphate. In concentration, the brines vary from less than 1,000 p.p.m. to almost 
300,000 p.p.m. The weaker brines have apparently been diluted by meteoric water from 
the outcrop and, in general, the concentration increases with increasing depth. Brines 
of the same density have approximately the same percentage of Na, Cl, Ca, and Mg, 
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regardless of source. The absence of sulphate is attributed to reduction with the forma- 
tion of CaCO; and FeS. The theory of Mills and Wells for the decrease in magnesium by 
dolomitization and for the decrease in sodium by base-exchange is briefly presented. 


12, FETTKE, CHARLES R. 

“The Bradford Oil Field, Pennsylvania and New York” 

Pennsylvania Geol. Survey Bull. M21, 4th Ser. (1938). 454 pp.; 21 pls., 113 figs., 5 

maps. 

The occurrence and composition of the connate water in and around the Bradford 
field are described in some detail, and the origin of the salts is discussed. Changes in 
composition of the water produced as the flood progresses and the effects produced by 
the mixing of flood and connate water are considered. 


13. FETTKE, CHARLES R. 

“Oriskany as a Source of Gas and Oil in Pennsylvania and Adjacent Areas” 

Bull. Amer. Assoc. Petrol. Geol., Vol. 22 (1938), pp. 241-66; 4 figs. 

Oriskany waters are more highly concentrated and possess a higher calcium-sodium 
ratio than upper Devonian waters. Otherwise, they are very similar. The occurrence of 
water vapor in the gas seems to substantiate the theory of Mills and Wells that concen- 
tration has been brought about by progressive evaporation of water into moving and 
expanding gas. 


14. HEcK, E. T. 

“Barium in Appalachian Salt Brines’’ 

Bull. Amer. Assoc. Petrol. Geol., Vol. 24, No. 3 (1940), pp. 486-93; 3 figs., 13 refer- 

ences. 

Barium is found in the brines from Silurian to Pennsylvanian age. The author be- 
lieves that the barium was originally present as barite in the rocks, and destruction of 
the SO, brought the metal into solution. It is shown that the areas most productive of 
oil and gas also produce the brines of higher barium content. 


15. Heck, E. T., HARE, CHARLES E., and Hoskins, HoMER A. 
“Origin and Geochemistry of Connate Waters in West Virginia”’ 
Bull. Geol. Soc. America, Vol. 51, No. 12, Pt. 2 (1940), p. 1995. (Abstracts of Sec. E, 
Amer. Assoc. Adv. Sci.) 
The waters considered are derived from formations of Silurian, Devonian, Mississip- 
pian, and Pennsylvanian age. It is shown that there has been a relative loss of sodium 
-in those brines that contain more than 140,000 p.p.m. of total solids. This loss is prob- 
ably caused by fractional precipitation of NaC/ (halite). The apparent optimum range 
in concentration of total solids for determining a “normal’’ water is 30,000 to 140,000 
p.p.m. A mean analysis of a ‘“‘normal’’ water is established within this range in concen- 
tration. The mean analysis of connate water is compared with that of present-day ocean 
water. By assuming that the connate water was, in the main, derived from ocean water, 
it is possible to account for the apparent changes by logical chemical reactions under 
normal geologic conditions. The conclusion is reached that the chemical composition 
of the Carboniferous sea was probably similar to that of present-day sea water. The geo- 
graphic distribution of certain ions is shown by means of maps, and factors affecting the 
concentration of the waters are discussed. Attention is called to several reactions that 
~ be of prime importance in the origin of oil and gas and certain cements in producing 
ormations. 


16. Strock, LESTER W. 

“Geochemical Data on Saratoga Mineral Waters’’ 

Bull. Geol. Soc. America, Vol. 51, No. 12, Pt. 2 (1940), p. 2008. (Abstracts of Sec. E, 

Amer. Assoc. Adv. Sci.) : 

Geochemical studies on the mineral waters of Saratoga Springs and the surrounding 
rocks, by quantitative spectrochemical and radioactive analyses of trace elements, show 
that zirconium is enriched in Saratoga mineral waters relative to iron as compared with 
the average composition of the earth’s lithosphere. The related elements titanium and 
vanadium are simultaneously depleted. Enrichment.of tin parallels that of zirconium. 
Manganese, cobalt, and nickel, like titanium and vanadium, are depleted, compared 
with the lithosphere. The mineral waters of Saratoga are thus products of selective en- 
richment or are themselves agents active in effecting selective removal of minor, as well 
as major, constituents of rock and mineral deposits. 
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ATLANTIC Coast AREA 
1. Lang, A. C, 
“Connate Waters of the Atlantic Coast”’ 
Science, Vol. 32, N.S. (1910), p. 190. 
Waters of the Atlantic Coast seem to show admixtures of connate with under- 
ground waters, in some places of an ocean higher in calcium chloride than the present. 


2. SANFORD, SAMUEI 
“Saline Artesian Waters of the Atlantic Coastal Plain” 
U.S. Geol. Survey Water-Supply Paper 258 (1911), pp. 75-86. 
Salt water has been found by deep drilling in many areas. In general, the water 
freshens updip away from the ocean. Active circulation is some areas may result in 
freshening, but little is known of the rate at which this takes place. 


3. FosTER, MARGARET D. 
‘“‘Base-Exchange and Sulphate Reduction in Salty Ground Waters along Atlantic 
and Gulf Coasts” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 26, No. 5 (1942), pp. 838-51; 4 figs., 3 tables. 
See abstract under general articles. 


CALIFORNIA 
1. Rocers, G. SHERBURNE 
‘Chemical Relations of the Oil-Field Waters in San Joaquin Valley, California’ 
U.S. Geol. Survey Bull. 653 (1917). 119 pp.; 7 figs., 14 tables. 
See abstract under general articles. 


2. RocErs, G. SHERBURNE 
“The Sunset-Midway Oil Field, California, Pt. II, Geochemical Relations of the 
Oil, Gas and Water”’ 
U.S. Geol. Survey Prof. Paper 117 (1919). 102 pp.; 2 pls., 8 figs. 
See abstract under general articles. 


3. Grizzce, M. A, 
“Geochemical Relationship of Waters Encountered in the Huntington Beach Field’”’ 
re i of Operations, California Oil Fields, Vol. 9, No. 6 (1923), pp. 17-28; 4 
tables, 
A review is given on the Palmer method of stating water analyses. The structure and 
areal extent of the Huntington Beach field is outlined. The correlation of four separate 
waters is shown for the major portion of the field. 


4. TEMPLETON, R. R., and McCo tom, C. R. 
‘Sante Fe Springs Field, California’’ 
Bull. Amer. Assoc. Petrol. Geol., Vol. 8, No. 2 (1924), pp. 178-94; 1 fig., 1 map. 
The waters of the oil zone are altered connate waters, which may or may not be 
mixed with meteoric water, depending on the zone in which they are found. Character- 
istics are shown for the waters of three zones. 


5. PALMER, CHASE 

“California Oil Field Waters” 

Econ. Geol., Vol. 19 (1924), pp. 623-35. Discussion by B. C. Renick. 

Econ. Geol., Vol. 20, No. 7 (1925), pp. 697-99. 

It is concluded that the alkaline sulphide waters are not formed by the reducing ac- 
tion of hydrocarbons on the sulphates of ground waters; rather, they are alkaline carbon- 
ate waters altered by absorption of a volatile sulphur compound emanating from the 
oil. The alkaline waters acquired their properties from the minerals of local rocks. 


6. Hupson, F. S., and TaLrAFEerro, N. L. 
“Calcium Chloride Waters from Certain Oil Fields in Ventura County, California” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 9, No. 7 (1925), pp. 1071-88; 3 tables, 11 ref- 


erences. 
It was found that CaCl2, rather than NaCl, is the chief constituent of waters in 
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South Mountain and Shiell’s Canyon oil fields. This difference from oil-field waters in 
other parts of the state suggests that they had a different origin or a somewhat different 
subsequent history. 


7. SOPER, E. K. 

“Limitations of Ground Water as an Aid in Determination of Hidden Geologic 

Structure” 

Bull. Amer. Assoc. Petrol. Geol., Vol. 16, No. 4 (1932), pp. 335-60; 11 figs. 

The main features of the water table are controlled by topography. The usefulness 
of water-table data in searching for buried structure is limited, therefore, to localities 
where the surface of the land is relatively flat. Carefully compiled ground water data 
apparently offer some results in certain areas of California, the Gulf Coastal Plain, and 
the Atlantic Coastal Plain, when used with the proper limitations. 


8. JENSEN, JOSEPH 

“California Oil-Field Waters” 

—" of Petroleum Geology (Amer. Assoc. Petrol. Geol., 1934), pp. 953-85; 28 

tables. 

The article deals primarily with the application of water analyses to engineering 
problems. Analyses distinguish shallow from deep waters and, in a few fields, top from 
bottom waters. In some fields the waters of different sands may be distinguished by 
their total concentration, and in some places by their head. 


Coast AREA 
1. Rocers, G. SHERBURNE 

“Some Oil Field Waters of the Gulf Coast”’ 

Bull. Amer. Assoc. Petrol. Geol., Vol. 3 (1919), pp. 310-31; 2 figs., 2 tables. 

It is believed that differences in character and concentration exhibited by waters 
occurring in various positions with regard to salt domes are sufficiently marked and 
regular to permit the use of analyses in estimating the position of a water, and probably 
also in locating deeply buried salt domes. 


2. Minor, H. E. 
“Chemical Relation of Salt Dome Waters” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 9, No. 1 (1925), pp. 38-42; 3 figs. 
The chlorine content of ground waters from salt domes is shown to be useful for 
identification and correlation. In several cases, structure of the rocks is clearly suggested 
by chlorine content of the ground waters. 


3. HENNIGER, W. F. 
“Occurrence of Sulphur Waters in the Gulf Coast of Texas and Louisiana and Their 
Significance in Locating New Domes” 
Bull. Amer, Assoc. Petrol. Geol., Vol. 9, No. 1 (1925), pp. 35-37- 
Waters from known domes indicate a wide variation of sulphur content. Higher 
concentration over the salt core is observed in some cases. The sulphur waters appear to 
result from surface conditions rather than from buried domes. 


4. Ross, J. S. 
“Engineering Report of Cotton Valley Field, Webster Parish, Louisiana”’ 
U.S. Bur. Mines Tech. Paper 504 (1931). 68 pp.; 23 figs. 
The waters of five zones are shown to be essentially solutions of sodium chloride, 
differing mainly in concentration and in the content of certain salts. 


5. PricE, W. ARMSTRONG 
“Disseminated Oil in Pleistocene Water Sands of Corpus Christi Area, Texas” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 16, No. 4 (1932), pp. 385-408; 1 fig., 7 tables, 
16 references, 
The conclusion is reached that the oil is probably indigenous to the water sands and 
disseminated in them in minute quantities. 
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6. Minor, H. E. 

“Qil-Field Waters of the Gulf Coastal Plain’’ 

Problems of Petroleum Geology (Amer. Assoc. Petrol. Geol., 1934), pp. 891-905; 

9 figs., 3 tables. 

This article describes the methods used to locate salt domes and other structures by 
means of water analyses. It also discusses the application of water analyses to oil-field 
development. 

1. LEVERETT, FRANK 

“The Water Resources of Illinois’’ 

U.S. Geol. Survey 17th Ann. Rept., Pt. II (1896), pp. 697-829; 6 pls., 9 figs. 

Nature and occurrence of shallow water supplies. Several artesian water sources are 
described, which include the St. Peter water of some areas. 


2. Isarau, assisted by REEps, C. A. 
“Water Resources of the East St. Louis District” 
Illinois State Geol. Survey Bull. 5 (1907). 120 pp. 
Contains a large number of water analyses and logs of water wells. The deeper 
waters are all highly mineralized and occur under much greater head than the shallow 
waters, 


3. Bartow, Epwarp, UppEN, J. A., Parr, S. W., and PALMER, GEORGE THOMAS 
“Mineral Content of Illinois Waters” 
Illinois State Geol. Survey Bull. 10 (1909). 187 pp.; 9 pls., 1 fig. 
The waters of springs, shallow wells and deeper wells in drift and rock are described 
geographically and the water-bearing formations are treated in geologic order. The 
waters are classified according to physical and chemical properties. 


4. Ricu, JouN L. 

“Oil and Gas in the Birds Quadrangle” 

Illinois State Geol. Survey Bull. 33 (1916), pp. 101-45; 4 pls., 4 figs. 

The irregularity of water level and the distribution of the oil sand indicate that the 
various pools are to a greater or less extent independent of one another. It therefore ap- 
pears that the oil could not have migrated very far laterally under the influence of salt 
water. 


5. ANDERSON, Cart B. 
“Artesian Waters of Northeastern Illinois” 
Illinois State Geol. Survey Bull. 34 (1919). 319 pp.; 4 pls., 3 figs., 9 tables. 
Artesian and underground waters are defined and aquifers described. The chemical 
character of all ground waters is discussed by areas or counties. Although appreciable 
— is present in some of the waters, brines do not occur in this part of 
inois. 


6. Moutton, G. F. 

“Oil Field Water Investigations—Waterloo Field” 

Illinois State Geol. Survey Press Bull. Ser. Illinois Petroleum, No. 5 (October 16, 

1926), pp. 11-15; 1 fig., 1 table. 

Analyses of 13 samples of brine from wells in the Waterloo field, Monroe County, 
Illinois, show such similarity as to indicate a probable common source for all except four 
of the samples. For these the interpretation is made that the brine from the oil zone has 
been diluted by surface water through leaky casing. 


7. BELL, A. H. 

“Possible Producing Horizons below the McClosky in Illinois’’ 

Oil and Gas Jour., Vol. 37, No. 5 (June 16, 1938), p. 30; 4 figs. 

A general statement is given on the nature of Devonian and St. Peter waters. A con- 
tour map on dissolved solids in St. Peter water shows an increase basinward. It is con- 
cluded that, as far as the character of the water is concerned, there seems to be no 
reason why the St. Peter should not contain oil somewhere in the basin. 
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MIcuIcaNn FIeLps 
1. LANE, A. C. 

“Lower Michigan Mineral Waters”’ 

U. S. Geol. Survey Water-Supply Paper 31 (1899). 93 pp. 

The deeper waters are shown to be more highly mineralized, although the rate of 
mineralization is not constant. Freshest formations at a given depth are the Dundee and 
Marshall. Above the Marshall, the water is mineralized even if shallow. Thus, in some 
places, heavy brines overlie relatively fresh water. 


2. Cook, C. W. 

“Brine and Salt Deposits of Michigan’’ 

_ Michigan Geol. Survey Pub. 15 (1913). 181 pp.; 15 pls., 47 figs. 

Geology of the salt and brine deposits is described. Analyses are shown for the brines 
of the Parma, Upper Marshall, Berea, Dundee, Detroit River, and Salina formations 
and the probable origin of each of these brines is discussed. Upper Marshall brines are 
thought to have originated from salt in the underlying red shale and from original sea 
water. Berea brines originated from salt in the Antrim or Coldwater shales and they may 
be in part original sea water. Upper Monroe brines are thought to have resulted from 
a of the Salina and the Dundee brines may have in turn originated from erosion of 

e Monroe. 


3. NEWCOMBE, R. B. 

“Oil and Gas Fields of Michigan”’ 

Michigan Geol. Survey Pub. 38 (1933). 271 pp.; 10 pls., 41 figs., 23 tables. 

General geology and history of formations described. Waters from the Traverse, 
Dundee, Trenton, and St. Peter in the Muskegon field are shown to range from 253 to 
415 gms./liter. In other parts of Michigan, a composition relationship exists. The com- 
position of the brines indicates that they are connate waters reconcentrated by leaching 
and chemical interchange of radicals. 


NortTu-CENTRAL TEXAS 


1. PLumMeER, F. B., and SarcEnt, E. C. 

“Underground Waters and Subsurface Temperatures of the Woodbine Sand in 

Northeast Texas’ 

Univ. Texas Bull. 3138 (1931). 178 pp.; 9 pls., 16 figs., 65 references. 

Normal and abnormal characteristics for the Woodbine water are illustrated by 
many analyses. The relationships and causes of abnormal salt concentration are dis- 
cussed. A map of iso-salinity lines indicates that the movement of underground water 
has strongly influenced the position of oil pools. All areas of abnormal structure in 
northeast Texas show relatively higher salt concentration in the Woodbine water. Anti- 
clinal structures show the least change, normal faults furnish higher salt concentration, 
and salt domes the highest of all. 


2. BARNES, VIRGIL E. 

“Oil-Field Waters of North-Central Texas’ 

Bull. Amer. Assoc. Petrol. Geol., Vol. 16, No. 4 (1932), pp. 409-11. 

The mapping of geologic structure in north-central Texas is only slightly facilitated 
by the results derived from the study of oil-field waters. However, application of facts 
already known can be of much value in regions which contain salt domes, or faults, 
where strongly saline solutions may approach the surface and mingle with fresher 
waters, thus producing abnormal waters for short distances from such features. 


PERMIAN BASIN 


1. DEForp, RONALD K., and WAHLsTROM, EpwIn A. 
“Hobbs Field, Lea County, New Mexico” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 16 (1932),-Pp. 51-90; 10 figs. 
A number of water analyses show the nature of water occurring with the oil in the 
Permian “White lime” and in three zones of Permian, Triassic, and Tertiary age above 
the “pay”’ in the Hobbs field. 
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2. BERGER, WALTER R., and Fasu, RALPH H. 

“Relation of Water Analyses to Structure and Porosity in the West Texas Permian 

Basin”’ 

Problems of Petroleum Geology (Amer. Assoc. Petrol. Geol., 1934), pp. 869-89; 3 

figs., 3 tables. 

The concentration of the water varies with the original topographic elevation of the 
part of the basin floor where it was entrapped in the sediments. Low concentrations are 
found on high points and on the rim of the basin, while high concentrations occur at low 
points in the basin. Relationship of concentration and composition to structure is ex- 
plained by the occurrence of very little deformation, other than accentuation of folds, 
since deposition of the upper part of the Permian “‘Big lime.”’ Little or no sodium sul- 
phate, in a water of sufficient concentration to permit its presence, indicates a water 
either near the rim of the basin or on a structure. Sodium sulphate in considerable 
amount indicates water either farther from the rim of the basin or on a structure that 
had not been subjected to shallow-water conditions. Higher porosity occurs on structure 
and is due to chemical action induced by marine life in shallow waters. 


NortH Mip-Continent AREA 
1. BEAL, C. H. 

“Geologic Structure of the Cushing Oil and Gas Field, Oklahoma, and Its Relation 

to Oil, Gas and Water’’ 

U. S. Geol. Survey Bull. 658 (1917). 61 pp.; 11 pls., 4 figs. 

The three sands considered are saturated with water, but hold the oil and gas in the 
higher structural positions. The water surfaces on which the oil and gas rest are not 
level, but are inclined away from the centers of the anticlinal folds. 


2. NEAL, R. O. 

‘Petroleum Hydrology Applied to the Mid-Continent Field” 

Amer. Inst. Min. Eng. Bull. 145 (January, 1919), pp. 1-8. Discussion by RoGERs, 

G. S. Ibid., Bull. 147 (March, 1919), pp. 603-06. 

In the Mid-Continent each pool apparently has its own peculiarities, wholly differ- 
ent from those in any other district. In the Augusta, Eldorado, and Butler County pools 
of Kansas and in the Blackwell pool of Oklahoma, the concentration of the bottom water 
has been found to be lower than that of top waters, while the sulphate is higher. This is 
the reverse of conditions found in California fields by G. S. Rogers. 


3. BRANDENTHALER, R. R., e¢ al. 

“Water Problems in the Northern Part of the Cushing Field, Creek County, 

Oklahoma’”’ 

Bur. Mines in Cooperation with State of Oklahoma (February, 1927). 65 pp.; 5 figs., 

9 tables. 

Most of the water produced in the field comes from the Bartlesville and Tucker 
zones. Top water may be distinguished from that occurring in and below the Bartles- 
ville. This is of little value in corrective well repair. As a result of invasion and migration, 
the water produced in any well can be classified with regard to its occurrence in reference 
to the several producing sands. 


4. Dott, R. H., and Ginter, R. L. 

“Tso-Con Map for Ordovician Waters” 

Bull. Amer. Assoc. Petrol. Geol., Vol. 14, No. 9 (1930), pp. 1215-19; 1 fig. 

An iso-con map illustrates the variations in concentration of Ordovician water in 
Iowa, Missouri, eastern Nebraska, Kansas, northeastern Oklahoma, and northern 
Arkansas. A definite relationship is strongly suggested between size of outcrop and 
concentration. The obvious inference is a relationship between meteoric waters, size of 
Ordovician outcrops and concentration of subsurface Ordovician waters. 


CARE SILC. 
“Subsurface Water Characteristics in Oklahoma and Kansas’’ 
Problems of Petroleum Geology (Amer. Assoc. Petrol. Geol., 1934), pp. 855-68; 3 
figs., 9 tables. 
All the waters of this region are shown to be of a single type and much alike in con- 
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centration from Ordovician to Pennsylvanian. Three localities show marked differences 
in Ordovician waters which may have been caused by dilution from the outcrops. Local 
variations are shown for the waters of the more continuous zones. 


6. GLEASON, CHaRLEs D. 
“Underground Waters in St. Louis County and City of St. Louis, Missouri” 
Missouri Geol. Survey 58th Bienn. Rept., Appendix V (1935). 16 pp.; § pls., 1 fig. 
It is shown that the area may be divided into five water provinces. The Meramec 
group outcrop and contain all fresh waters. Lower formations contain either fresh or 
saline waters, depending on depth and distance from the outcrop. 


7. McQuEEN, H. S., GREENE, FRANK C., and Roturs, R. T. 

“The Geology of Northwestern Missouri’’ 

Missouri Geol. Survey and Water Resources, Vol. 25, 2d. Ser. (1938). 217 pp.; 7 pls., 

11 figs., 3 tables. 

The Pennsylvanian seas in this area are believed to have been either fresh or brack- 
ish rather than highly mineralized. Dilution took place at the outcrops at recurrent 
times during geologic history and this may have extended to beds which were not ex- 
posed, through faults or joints. 


8. Runyon, H. EVERETT, and RANKIN, Roy 

“Chemical Analyses of Some Oil-Well Waters of Ellis and Trego Counties, Kansas”’ 

Trans. Kansas Acad. Sci., Vol. 43 (1940), pp. 235-41; 4 tables. 

The waters of major geologic divisions are easily differentiated by chemical analy- 
ses. Careful sampling and analysis are necessary to identify the waters within a division. 
Thirty-six analyses illustrate characteristics of waters in the Dakota, Cimarron, 
Wabaunsee, Topeka, Oswald, and Arbuckle formations. 


9. Hrpparp, HELEN, and GATCHELL, E. J. 
“Tdentifying Oklahoma City Field Brines by Correlating Chemical Analyses’’ 
Oil and Gas Jour. (August 21, 1941), pp. 45-46; 7 tables. 
The brines of oil formations in the Oklahoma City field are identified by comparing 
certain indices derived from a precise chemical analysis. 


Rocky Mountain AREA 


1. Darton, N. H. 
“Preliminary Report on Artesian Waters of a Portion of the Dakotas” 
U. S. Geol. Survey 17th Ann. Rept. (1895-1896), pp. 605-94; 39 pls., 15 figs. 
The artesian waters owe their origin to meteoric water passing underground. Some 
discussion is given on the nature of the water with reference to its place of occurrence. 


2. RENICK, B. COLEMAN 

“Base Exchange in Ground Water by Silicates as Illustrated in Montana”’ 

U.S. Geol. Survey Water-Supply Paper 520-D (1924), pp. 53-72; 3 pls., 1 fig. 

Studies on ground water of the Lance and Fort Union formations in east-central 
Montana show that near the surface the waters are relatively high in calcium and mag- 
nesium, which, with increasing depth, are exchanged for sodium (and potassium?), 
the result being a natural softening. A discussion is given on the minerals which prob- 
ably bring about the reactions. 


3. Renick, B. COLEMAN 

“Some Geochemical Relations of Ground Water and Associated Natural Gas in the 

Lance Formation, Montana” 

Jour. Geol., Vol. 32 (1924), pp. 668-84; 3 figs., 4 tables. 

A study of the waters and gases from the Lance formation in a number of artesian 
wells in Rosebud County, Montana, shows that methane derived from carbonaceous 
material in the Lance beds reduces the sulphate in the water, forming hydrogen 
sulphide and bicarbonate or carbonate. Nitrogen is relatively high in all the gases and 
at a few places is so high as to prevent combustion. Most of the gases, however, are 
combustible, 
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4. ESTABROOK, E. L. 

“Analyses of Wyoming Oil-Field Waters” 

Bull. Amer. Assoc. Petrol. Geol., Vol. 9, No. 2 (March-April, 1925), pp. 235-46; 

3 figs., 3 tables. 

In general, waters in Wyoming fields show a decrease in sulphate content and an 
increase in carbonate and chlorine content and concentration with increase in depths 
unless the waters have been modified by circulation. Secondary salinity decreases with 
depth and in deeper sands disappears altogether. Waters in contact with oil show a re- 
duction in sulphates and an increase in carbonates. The oils are also altered by such con- 
tact og the degree of alteration is greatest where water circulation has been most 
notable. 


5. Parks, E. M. 
“Water Analyses in Oil Production and Some Analyses from Poison Spider, 
Wyoming”’ 
Bull. Amer. Assec. Petrol. Geol., Vol. 9, No. 6 (1925), pp. 927-46; 3 figs., 1 table. 
The meaning of analyses and the different methods of graphic statement are illus- 
trated and a new form of graph suggested. The study of analyses from Tensleep, Dakota, 
Morrison, and Sundance sands of South Casper Creek, Poison Spider, and Notches, 
Wyoming, shows that the waters are differentiated by analyses. The geochemical rela- 
tions between oil and the water are briefly reviewed. 


6. REEVES, FRANK 
“Geology of the Cat Creek and Devils Basin Oil Fields and Adjacent Areas in 
Montana” 
U. S. Geol. Survey Bull. 786, Pt. 2, Mineral Fuels (1926), pp. 39-98; 2 pls., 6 figs. 
Salinity of the water in three producing sands of Cat Creek ranges from 351 to 
2,524 p.p.m. total solids. The higher chlorides in the water in contact with oil may owe 
their presence to fossil sea water still in the sands. It is shown that portions of the sands 
producing oil have been protected from active circulation. Action of the oil, in contact 
with water, has been to substitute carbonate for sulphate. 


7. Ross, J. S., and SWEDENBORG, E. A. 
‘Analyses of Water in the Salt Creek Field Applied to Underground Problems” 
Amer. Inst. Min. Met. Eng. Tech. Pub.,157 (1928). 16 pp.; 3 figs. 2 tables. 
Characteristics are shown for the waters of different formations and a discussion 
is given on their correlation by means of chemical analyses. Examples are given of the 
— of edge water and usefulness of water analyses in drilling and production 
problems. 


8. THom, W. T., JR, and SprexkeEr, E. M. 
“The Significance of Geologic Conditions in Naval Reserve No. 3, Wyoming, with 
a Section on the Waters of the Salt Creek-Teapot Dome Uplift, by Herman Stabler” 
U.S. Geol. Survey Prof. Paper 163 (1931). 64 pp.; 30 pls., 19 figs., 14 tables. 
Structural and historical geology of the area is described. The characteristics and 
origin of the subsurface waters are outlined in detail. Original sea water has largely been 
flushed from the formations and present waters are probably largely the result of 
meteoric waters, altered by leaching, chemical interchange or concentration. Relations 
of waters to area of oil occurrence suggest that water movement and amount of dilution 
were greatest where oil is not present. 


9. CorFIn, R. CLarE, and DEForp, Ronatp K. 
“Waters of the Oil and Gas-Bearing Formations of the Rocky Mountains” 
Problems of Petroleum Geology (Amer. Assoc. Petrol. Geol., 1934), PP. 927-52; 8 
figs., 9 tables. 
Subsurface waters of the isolated structural basins are variable in nature, due to the 
wide range of geological conditions under which the beds were deposited, due to differ- 
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ences in hydrostatic head and probably because of variations in the nature of the en- 
closing strata. Four distinct types of water can be recognized by their chemical charac- 
teristics. 


ro, CRAWFORD, JAMES G. 

“Qil-Field Waters of Wyoming and Their Relation to Geologic Formations” 

Bull. Amer. Assoc. Petrol. Geol., Vol. 24, No. 7 (1940), pp. 1214-1329; 24 figs., 9 

tables. 

Post-Chugwater waters are shown to be essentially solutions of sodium salts, 
whereas in pre-Chugwater waters calcium and magnesium sulphates ordinarily pre- 
dominate. The analyses indicate that all the oil-field waters of Wyoming have been 
considerably modified by infiltration of surface water. An appended table is a reference 
aid in identifying various waters encountered in the oil and gas fields of the state. 


CANADA 


1. CAMPBELL, W. P. 

“Oil Field Waters of Alberta and Saskatchewan’”’ 

Bull. Canada Inst. Min. Met., Sec. on Trans. (December, 1929), p. 1396. 

Subsurface waters of the oil fields are believed to be connate, having been changed 
but little by their surroundings. In most fields, correlation of the waters depends on 
increase of concentration with depth, decrease of sulphate with depth, and decrease of 
carbonate and bicarbonate with depth. In some areas, all three conditions hold true, 
but only increase of concentration with depth has anything like general application. 
Dilution is considered to have come by way of the outcrops. 


RUMANIA 


1. PETRESCU, P. 

“Les eaux salees des gisements de pétrole de roumanie”’ 

Moniteur du Petrole Roumain (1938), pp. 25-29; 1 table, supplement. 

The salt waters of the Tertiary petroliferous beds range from approximately 8 to 
200 grams per liter concentration. In general, the youngest oil measures contain the 
most concentrated water, although reversals of this relationship are known to occur. 
Ratios between salinity and contents of different elements or radicals suggest that the 
salt waters could not have been derived by mere evaporation of sea water. The salt 
waters have greater ratios of ammonia and iodine. Changes in composition in the 
waters indicate that they cannot merely be regarded as entrapped waters of oceans or 
lagoons. Changes took place during sedimentation and intermingling, produced by rock 
movement and water migration resulted in further reactions. Thus, it may be said that 
the waters are altered connate waters. 


RUSSIA 
1. Lrnptrop, NorsBert T. 

“Outline of Water Problems in New Grosny Oil Field, Russia” 

Bull. Amer. Assoc. Petrol. Geol., Vol. 11, No. 10 (1927), pp. 1035-43; 1 fig., 3 tables.. 

Twenty-two Miocene sands are encountered in drilling. Eight of these are oil sands. 
Water conditions are given a special study because of the several oil sands and inter- 
mediate water sands in the same well. Tabulated water analyses, calculated after the 
method of Palmer, show correlation of waters and indicate that edge water is encroach- 
ing on the field. 


2. GinTER, R. L. 
“Water Problems in the New Grosny Field, Russia’ (Discussion of paper by Lind- 


trop) 
Bull. Amer. Assoc. Petrol. Geol., Vol. 12, No. 9 (1928), pp. 950-51. 


It is pointed out that the chemical precipitation process, or possibly the biological 
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reduction process, is a probable cause for the sulphate depletion in the oil-well brines 
of the New Grosny field which was mentioned by Lindtrop. 


3. TAGEEVA, N. V. 
“The Origin of the Bore Hole Waters” 
Neftyanoe Khozyaistvo, Vol. 26, No. 7 (1934), pp. 63-65. 
The bore-hole water originated from the ocean, and was later changed through con- 
tact with minerals present in the earth. 


4. LISICHKIN, S. M. 
‘“‘The Oil-Well Waters of Cheleken Island” 
Neft 6 (formerly Za Neftyanuya Pyatiletku, U.S.S.R.), No. 19 (1935), Pp. 13-14. 
Mineral-well and oil-well water found on Cheleken Island are compared with the 
lake waters and the underground waters. 


TRINIDAD 


1. PARKER, J. S., and SouTHWELL, C. A. P. 

“The Chemical Investigation of Trinidad Well Waters and Its Geological and Eco- 

nomical Significance”’ 

Jour. Inst. Petrol. Tech., Vol. 15, No. 73 (April, 1929), pp. 138-82; 8 figs. 

Miocene sediments of the southern half of Trinidad are believed to have been de- 
posited in essentially chloride waters, somewhat similar to water in the Gulf of Paria 
to-day, and the high bicarbonate content of the well waters is believed due to a second- 
ary process. Since the organic and mineral constitution of the sediments are variable, 
it is reasonable to assume that waters now found in different sand lenses acquired differ- 
ent characteristics during compaction and migration of the water. All salt waters thus 
far encountered must be considered as intermediate, since they are underlain and over- 
lain by strata containing saturated oil sands. The distribution of water in the oil sands 
is very irregular, both laterally and stratigraphically. A zone containing salt water in 
one part of a structure may be found free of salt water in another part of the same struc- 
ture. This is even more pronounced from structure to structure. 


VENEZUELA 


1. SMITH, J. E. 
‘Venezuelan Oil-Field Waters” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 15, No. 8 (1931), pp. 895-909; 1 fig., 3 tables. 


The identification and measurement of naphthenic acids in oil-field waters are evi- 
dence of the length of time water has been in contact with oil, and are directly propor- 
tional to the alkalinity of the water. Waters in the Maracaibo Basin can be differentiated 
and classified according to the sulphate-carbonate ratio. Type analyses are quoted. In 
the Maracaibo Basin, the water types are generally conformable with geological expec- 
tations. 


2, Reoan, J. H. 

“Notes on the Quiriquire Oil Field, District of Pian, State of Monagas’’ 

Boletin de Geologia y Mineria, Tomo 11, Nos. 2, 3, 4 (1938). 

Both fresh and brackish water occur in the Pliocene formations outside the light 
oil zone. As a rule, the fresh water is between the surface and 1,000 feet. Below this there 
is a gradual increase in salinity with depth. The salinity varies from a trace to 2,300 
p.p.m., but the average is 1,400 p.p.m. Wide variation in salinity prevents correlation 
on this basis. If it were not for the fact that the oil zone is made up of countless lenticu- 
lar beds, this field would be flooded from all directions. Thus, one is led to the conclusion 
that the geologic origin of the oil and water in this field is similar to that in the Trinidad 
fields, dilution from the surface having little, if any, effect on the nature of the water in 
these formations. 
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* Subjects indicated by asterisk are in the Association library, and available, for 
loan, to members and associates. ’ 


RECENT PUBLICATIONS 


CALIFORNIA 


*“The Distribution of Helium and Radioactivity in Rocks. III. Radio- 
activity and Petrology of Some California Intrusives,” by Esper S. Larsen 
and Norman B. Keevil. Amer. Jour. Sci., Vol. 240, No. 3 (New Haven, 
March, 1942), pp. 204-15; 8 tables. 

“Earthquake Investigations in California, 1934-1935.” U. S. Coast and 
Geod. Survey Spec. Pub. 201. 231 pp., 124 illus., 53 tables. Supt. Documents, 
Govt. Printing Office, Washington, D. C. Price, $0.35. 

“Earthquake History of the United States, Part II—Stronger Earth- 
quakes of California and Western Nevada” (revised, 1941). Ibid., Ser. No. 609. 
Price, $0.10. 

*“Canal and Strand Oil Fields,” by R. W. Walling. California Oil Fields, 
Vol. 24, No. 4, April, May, June, 1939 (San Francisco, 1942), pp. 9-16; 
3 sections, I map. 

*“Arvin Area of Mountain View Oil Field,” by Fred E. Kasline. Jbid., pp. 
17-22; 1 section, 1 map, 1 table. 

*“Premier Area of the Poso Creek Oil Field,” by F. H. Updike. Jbid., pp. 
23-26; 2 sections, 1 map. 


COLORADO 


“The Oil and Gas Industry of Colorado,” by Clark F. Barb. Colorado 
School of Mines Quar., Vol. 37, No. 2 (Golden, April, 1942). 130 pp., 16 tables, 
1 pl., 29 figs. Price, $2.00. 


ENGLAND 


*A Contribution to the Geology of North-West Middlesex,” by S. W. 
Hester. Proc. Geol. Assoc., Vol. 52, Pt. 4 (London, January 26, 1942), pp. 304- 
20; 4 figs. 

*Notes on the Age of the Swindon Purbeck Beds,” by W. J. Arkell. Ibid., 
pp. 321-27. 

*“Pollen-Analysis and Quaternary Geology,” by H. Godwin. Ibid., pp. 
328-61; 1 pl., 11 figs. 


GENERAL 


*“Pressure Prediction for Oil Reservoirs,” by W. A. Bruce. Petrol. 
Technology (New York, March, 1942). Amer. Inst. Min. Met. Eng. Tech. 
Paper 1454. 12 pp., 10 figs. 

*“Field Application of Core Analysis and Depth-Pressure Methods to the 
Determination of Mean Effective Sand Permeability,” by N. Van Wingen. 
Ibid., Tech. Paper 1464. § pp., 2 figs. 

*“Completion Practices Related to Well Productivity,” by W. J. Travers, 
Jr. Ibid., Tech. Paper 1465. 8 pp., 2 figs. 
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*“Factors Influencing Electrical Resistivity of Drilling Fluids,” by John 
E. Sherborne and William M. Newton. Jbid., Tech. Paper 1466. 17 pp., 11 


*“Productivity Index and Measurable Reservoir Characteristics,” by 
James A. Lewis, William L. Horner, and Marion Stekoll. Ibid., Tech. Paper 
1467. 9 pp., 11 figs. 

“United States Earthquakes.” U.S. Coast and Geod. Survey Cir. Covers 
a separate publication for each of the years 1928 to 1939, inclusive. Supt. of 
Documents, Govt. Printing Office, Washington, D. C. Prices: 1928, 1930, 
1933, 1936, each $0.10; 1929, 1934, 1935, 1937, 1938, each $0.15; 1931, 1932, 
each $0.05; 1939, $0.20. 

“Selection, Installation, and Operation of Seismographs.” Ibid. 42 pp., 
37 illus. Price, $0.10. 

“Earthquake Investigations in the United States.” Jbid. 21 pp., 3 illus. 
Price, $0.10. 
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Spec. Pub. 149 (revised). 83 pp., 1 map. Price, $0.20. 
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C. Uren. Ibid., pp. 48-53. 

*“Tncreased Wildcatting Required to Maintain U. S. Reserves,” by Fred- 
eric H. Lahee. Jbid., pp. 54-57. 
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*“Prospecting Strategy in Total War Economy,” by E. E. Rosaire. Oil 
Weekly, Vol. 104, No. 12 (Houston, February 23, 1942), pp. 14-17. 

*“Prospecting Tactics in a Total War Economy,” by E. E. Rosaire. Jbid., 
Vol. 105, No. 1 (March 9, 1942), pp. 13-18, 32. 

“Geology and Biology of North Atlantic Deep-Sea Cores between New- 
foundland and Ireland, Part 3, Diatomaceae,” by K. E. Lohman. U. S. Geol. 
Survey Prof. Paper 196-B (1941 [1942]), pp. i-xv, 55-93, Xvii-xx; Pls. 1-2, 
11-17, Figs. 1, 22. For sale by Supt. Documents, Govt. Printing Office, 
Washington, D. C. Price, $0.45. 

“Annual Report of the Director of the Geological Survey to the Secretary 
of the Interior.” Fiscal year ended June 30, 1941. 44 pp., 2 figs. Supt. Docu- 
ments, Govt. Printing Office, Washington, D. C. Price, $0.10. 

*“Selected Bibliography of Bibliographies on Subjects Related to Na- 
tional Defense,” by Clarence P. Dunbar. Louisiana State Univ. Bur. Educ. 
Research, Bibliography Ser., No. 2 (Baton Rouge, 1942). 29 mim. pp. Gratis. 

*“The War and Secondary Recovery,” by R. C. Earlougher and L. M. 
Arnold. Independent Petrol. Assoc. America Monthly, Vol. 12, No. 11 (Tulsa, 
March, 1942), pp. 15-17; 2 figs. 

*“Basin Ranges as Jurassic Monadnocks,” by Charles Keyes. Pan-A mer. 
Geol., Vol. 77, No. 2 (Des Moines, Iowa, March, 1942), pp. 91-104. 

*“Paleontology—an Appraisal,” by Lloyd W. Stephenson. Bull. Geol. 
Soc. America, Vol. 53, No. 3 (New York, March 1, 1942), pp. 373-80. Address 
as retiring president of the Paleontological Society. 
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*“Correlation Charts Prepared by the Committee on Stratigraphy of the 
National Research Council,” by Carl O. Dunbar, chairman, et al. Ibid., pp. 
429-34. 

*“Correlation of the Outcropping Cretaceous Formations of the Atlantic 
and Gulf Coastal Plain and Trans-Pecos Texas,” by Lloyd W. Stephenson, 
Philip B. King, Watson H. Monroe, and Ralph W. Imlay. [bid., pp. 435-48; 


1 chart. 
Oil in the Earth, by Wallace E. Pratt. Four lectures before the students of 


the department of geology, University of Kansas, March 17-19, 1941. 105 pp., 
clothbound, 5.5 8.125 inches. Order from Dept. Geology, Univ. Kansas, 
Lawrence, Kansas. Price, $1.00, postpaid. 


KANSAS 


*“Outlines of Kansas Geology, III,” by Charles Keyes. Pan-Amer. 
Geol., Vol. 77, No. 2 (Des Moines, Iowa, March, 1942), pp. 107-42; 2 figs. 


NEBRASKA 


*The Search for Oil in Nebraska, by workers of the Writers’ Program, 
Work Projects Administration in the State of Nebraska. Sponsored by Uni- 
versity of Nebraska Conservation and Survey Division. Issued by Nebraska 
Writers’ Project (1942). 107 mim. pp., 2 figs. 


OKLAHOMA 


*“Subsurface Disposal of Oil-Field Brines in Oklahoma,” by Sam S. 
Taylor and E. O. Owens. U. S. Bur. Mines R. I. 3602 (January, 1942). 54 
mim. pp., 10 tables, 5 figs. 

*Gorman’s Petroleum Directory of Oklahoma (1942). 7th ed. 144 pp. 4.5 X 
7.5 inches. Paper cover. Published and for sale by Elsie G. Gorman, Box 395, 
Tulsa, Oklahoma. Price, $1.00, prepaid. 


*“Forty Years of Oklahoma Geology,” by Charles N. Gould. Pan-A mer.- 


Geol., Vol. 77, No. 2 (Des Moines, Iowa, March, 1942), pp. 81-90. 


TENNESSEE 


“The Manganese Resources of East Tennessee,” by Stanley O. Reichert. 
Tennessee Div. Geol. Bull. 50 (Nashville, 1942). 200 pp., 61 illus. Price, $0.25 
(in stamps). 

TURKEY 

*“A Sketch of the Geology of the Taurus Mountains near Nigde and 
Adana,” by Maurice M. Blumenthal. Pub. Inst. d’Etudes et Recherches Minie- 
eres Turquies, Ser. B, No. 6 (Ankara, 1941). 95 pp., 2 pls. 1 fig., 26 photos. 
Pp. 1-48 in Turkish; 49-95 in French. 


VENEZUELA 


*“Hombre Pintado, Venezuela,” by G. W. Halse. Illustrated description 
of a Venezuelan oil field. Jour. Inst. Petrol., Vol. 28, No. 218 (Birmingham, 
England, February, 1942), pp. 36-40; 6 photographs, 2 sketches. 
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WEST VIRGINIA 


*“Silurian System of West Virginia,” by Herbert P. Woodward. West 
Virginia Geol. Survey, Vol. 14 (Morgantown, 1941). 326 pp., 33 pls., 12 figs. 

*“Map of Oil and Gas Fields of West Virginia, with Locations of Pipe- 
Lines, Gasoline Plants, Compressor Stations, Axes of Anticlines and Synclines 
and Depths to Producing Formations,” by E. T. Heck et al. West Virginia 
Geol. Survey, Morgantown (1941). Sheet, 44 X63 inches. Colored. 


ASSOCIATION DIVISION OF PALEONTOLOGY AND MINERALOGY 


*Journal of Paleontology (Tulsa, Oklahoma), Vol. 16, No. 2 (March, 1942) 

““Microfauna of the Glen Dean Limestone,” by H. N. Coryell and George 
Rozanski 

“Ostracodes from the Upper Mississippian of Montana,” by Harold W. 
Scott 

“Some Tertiary Ostracoda of the Genera Alatacythere and Brachycy- 
there,” by Grover Murray, Jr., and Keith M. Hussey 

“Notes on Pacific Coast Galeodeas,” by J. Wyatt Durham 

“Paleontology of the Eagle Ford Group of North and Central Texas,” by 
W. L. Moreman 

“Permian Ammonoids from Western Australia,” by Curt Teichert 

“Foraminifera from the Charco Azul Formation, Pliocene, of Panama,” 
by H. N. Coryell and R. W. Mossman. 

*Journal of Sedimentary Petrology (Tulsa, Oklahoma), Vol. 12, No. 1, 
April, 1942. 

“Sedimentation Near Junction of Maquoketa and Mississippi Rivers,” by 
Frank A. Swenson. 

“Sediments of Cape Cod Bay, Massachusetts,” by J. L. Hough 

“The Relation Between Size of Wave-Formed Ripple Marks, Depth of 
Water, and Size of Generating Waves,” by O. F. Evans. 

“The Sediments of Little Long (Hiawatha) Lake, Wisconsin,” by W. H. 
Twenhofel and B. E. McKelvey. 
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ASSOCIATION COMMITTEES 


EXECUTIVE COMMITTEE 
Fritz L. AuRIN, chairman, Southland Royalty Company, Fort Worth, Texas 
Epmonp O. MarKHAM, secretary, Carter Oil Company, Tulsa, Oklahoma 
Epcar W. Owen, San Antonio, Texas 


Paut WEAVER, Gulf Oil Corporation, Houston, Texas 
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CARLETON D. SPEED, JR. Kart A. Mycpa JERRY B. NEwBy 
James L. Tatum O. A. SEAGER Paut H. Price 
Frep H. Witcox L. W. Storm J. D. THompson 


H. V. TyGretr Henry N. TOLER 
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RESEARCH COMMITTEE 
A. I. LEvorsEN (1942), chairman, 221 Woodward Boulevard, Tulsa, Oklahoma 
M. G. CHENEY (1942), vice-chairman, Coleman, Texas 
1942 1943 1944 
N. Woop Bass Roanp F. BEERS BEN B. Cox 
K. DEForpD C. CASE GrEorGE C. GESTER 


WINTHROP P. HAYNES 
Ross L. HEATON 
BELA HUBBARD 
B. 

T. E. WEIRIcH 


Hotus D. HEDBERG 
Tuomas C. HrEsTAND 
Joun M. 
C. KRUMBEIN 
F. B. PLUMMER 

W. H. TWENHOFEL 
THERON WASSON 


W. S. W. Kew 

D. Perry OLcotr 
WENDELL P. RAND 
F. W. ROLSHAUSEN 
F. M. Van 
WEAVER 


GEOLOGIC NAMES AND CORRELATIONS COMMITTEE 
Joun G. BARTRAM (1942), chairman, Stanolind Oil and Gas Company, Tulsa, Oklahoma 


1942 
Joun E. ADAMS 
GENTRY Kipp 
Hucu D. MIsERr 
Raymonp C. Moore 


1943 


ANTHONY FOLGER 


BENJAMIN F. HAKE 
Rosert M. KLEINPELL 
Norman D. NEWELL 


CHARLES W. TOMLINSON 


1944 
Monroe G. CHENEY 
Rosert H. Dotr 
Wayne V. JONES 
W. ARMSTRONG PRICE 
Horace D. THomas 
WarrEN B. WEEKS 


SUB-COMMITTEE ON CARBONIFEROUS 


M. G. CHENEY (1942), chairman, Coleman, Texas 


1942 
Raymonp C. Moore 


1943 
BENJAMIN F. HAKE 
Norman D. NEWELL 


1944 
Rosert H. Dorr 
Horace D. THomas 


CHARLES W. TOMLINSON 


SUB-COMMITTEE ON TERTIARY 
W. ARMSTRONG PRICE (1944), chairman, Box 1860, Corpus Christi, Texas 
Tuomas L. BAILEY Wayne V. JONES Watson H. Monroe 
Jutius B. GARRETT Gentry Kipp E. A. Murcuison, Jr. 
Henry V. Howe Tom McGLoratin WarrEN B. WEEKS 


COMMITTEE ON APPLICATIONS OF GEOLOGY 
Pau WEAVER (1944), chairman, Gulf Oil Corporation, Houston, Texas 
Henry C. Cortes (1944), vice-chairman, geophysics, Dallas, Texas 
CarEY CRONEIS (1943), vice-chairman, paleontology, Chicago, Illinois 
1942 1943 1944 
LuTHER E. KENNEDY R. M. BARNES GeEorGE S. BUCHANAN 
CHALMER J. Roy Carrot E. DosBin WESLEY G. GisH 
Eart A. TRAGER H. S. McQuEEN KENNETH K. LANDES 
B. B. WEATHERBY 


SPECIAL COMMITTEES 
COMMITTEE ON COLLEGE CURRICULA IN GEOLOGY 


FREDERIC H. LAHEE, chairman, Sun Oil Company, Dallas, Texas 


L. T. BARROW Winturop P. HAYNES Joun D. Marr . 
WALTER R. BERGER K. K. LANDES E. K. SOPER 
Hat P. ByBEE Henry A. Ley W. T. Tuom, Jr. 
Tra H. Cram Joun T. LonspALE 


NATIONAL SERVICE COMMITTEE 
Fritz L. Aurin, chairman, Southland Royalty Company, Fort Worth, Texas 


BEN C. BELT Frank A. Morcan _ B. B. WEATHERBY 
EuGENE HOLMAN W. E. WRATHER 
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ADDITIONAL MEMBERSHIP APPLICATIONS APPROVED 
(Continued from page 889) 
FOR ASSOCIATE MEMBERSHIP 
Dorothy Baumeister, Tulsa, Okla. 
V. E. Monnett, F. A. Melton, C. G. Lalicker 
William Frank Caver, Kilgore, Tex. (West Texas Geological Society Merit 
Award Application) 
Berte R. Haigh, Cary P. Butcher, Charles D. Vertrees 
Gene O. Davis, Wichita, Kan. 
Glen G. Bartle, Howard S. Bryant, Frank C. Greene 
Charles Frederic Green, San Francisco, Calif. 
A. C. Waters, F. G. Tickell, Hubert G. Schenck 
Jack Francis Harang, Houston, Tex. 
H. E. Minor, Marcus A. Hanna, P. B. Leavenworth 
Allen Gentry Hawkins, Fort Worth, Tex. 
Ira H. Cram, Lynn K. Lee, George A. Weaver 
Charles Leslie Heald, Altadena, Calif. 
Barthold W. Sorge, Edwin V. Van Amringe, Herbert Hoover, Jr. 
Edward Rogers Kemp, Evansville, Ind. 
W. D. McEachin, E. G. Cole, Russell C. Cooper 
Bernhard Kummel, Jr., Racine, Wis. 
Norman D. Newell, W. H. Twenhofel, W. T. Thom, Jr. 
Lee Allen Latta, Oklahoma City, Okla. 
V. E. Monnett, Charles E. Decker, C. G. Lalicker 
Wendell L. Lewis, Beeville, Tex. 
A. P. Allison, Claude M. Langton, Phil F. Martyn 
James Roy McCoy, Norman, Okla. 
Charles E. Decker, V. E. Monnett, C. G. Lalicker 
Robert Oliphant Mitchell, Wichita, Kan. 
W. C. Imbt, Lee H. Cornell, Ben F. Baldwin 
Archibald Balfour Patterson, Houston, Tex. 
Robert H. Cuyler, Hal P. Bybee, Fred M. Bullard 
Charles A. Renfroe, Lubbock, Tex. (West Texas Geological Society Merit 
Award Application) 
Leroy T. Patton, W. I. Robinson, Raymond Sidwell 
Wilbur Brown Sherman, Santa Paula, Calif. 
U.S. Grant, Cordell Durrell, E. K. Soper 
Alfred Dexter Zapp, Americus, Ga. 
Walter B. Lang, Watson H. Monroe, Fred M. Bullard 


FOR TRANSFER TO ACTIVE MEMBERSHIP 

Robert Latimer Bates, Socorro, N. Mex. 

C. E. Needham, Leonard C. Thomas, Robert E. King 
Edward William Johnson, Faribault, Minn. 

W. D. Neiler, Forrest W. Hood, Frank R. Clark 
Carl Allphin Moore, New York, N. Y. 

Eugene Stebinger, A. I. Levorsen, Robert H. Dott 
Kenneth Robert Parsons, San Antonio, Tex. 

Hugh A. Stewart, James Terry Duce, Joseph M. Patterson 
Joseph John Uri, Alice, Tex. 

S. A. Packard, Worth W. McDonald, Richard T. Short 
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President’ Vice-President Past-President 
Fritz L. AurIn Paut WEAVER Epcar W. OWEN | 
Fort Worth, Texas Houston, Texas San Antonio, Texas | 


Secretary-Treasurer Editor 
Epmonp O. MarkKHAM W. A. VER WIEBE 
Tulsa, Oklahoma Wichita, Kansas 


S.E.P.M. President S.E.G. President 
HeErscHEL L. DRIVER Frank GOLDSTONE 
Los Angeles, California Houston, Texas 


Officers elected at the Denver convention 
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TWENTY-SEVENTH ANNUAL MEETING 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
COSMOPOLITAN HOTEL, DENVER, COLORADO 


APRIL 22-24, 1942 


The twenty-seventh annual meeting of the Association was held at Den- 
ver, Colorado, on April 22, 23, and 24, 1942. It was peculiarly a home-coming, 
for on April 23, 1924, the legal home of the A.A.P.G. had been established 
under the law of Colorado by the granting of a certificate of incorporation to 
Max W. Ball, Charles M. Rath, and Charles E. Decker, representing the 
Association. Since that date, the Association became domesticated for busi- 
ness in Oklahoma, February 9, 1925, set up a full-time office headquarters at 
Tulsa, August 1, 1926, made a brief but happy visit ‘“‘home” to Denver for 
the fall meeting of September, 1926, continued to gather ever greater num- 
bers of members around it, notably in the productive South Mid-Continent 
and Gulf Coast regions, and, eighteen years afterward, returned to hold the 
twenty-seventh annual meeting of its history in Denver, the first annual 
meeting to be held in its legal home, Colorado. 

This meeting was a joint convention of the American Association of 
Petroleum Geologists, its technical division, the Society of Economic Paleon- 
tologists and Mineralogists, and its affiliate, the Society of Exploration Geo- 
physicists. These three branches of the exploration activity of the oil indus- 
try met during unprecedented world turmoil to try to determine how their 
members can most effectively use their abilities in defending the Nation. This 
meeting of a thousand geologists, paleontologists, and geophysicists, drawn 
to a common center from such distant parts as the Atlantic and the Pacific 
coasts, from Canada, and from Mexico, emphasized the serious purpose of 
the geological profession to make immediate adjustment to wartime needs. 

The technical and business programs of the three organizations were 
gathered into one joint booklet under an inspiring cover plate showing the 
towering Rocky Mountains reaching up to an overspreading ‘‘V’’. The first 
and opening page of greeting from the Rocky Mountain Association of 
Petroleum Geologists expressed the thought of the meeting, in welcoming the 
“members of the exploration branches of the petroleum industry to a scientific 
conference dedicated to action that will assist in the preservation and the 
strengthening of our national sovereignty.”’ The printed program was ‘“‘dedi- 
cated to J. Elmer Thomas, Alexander Deussen, M. G. Mehl, and C. H. Tay- 
lor, first officers of the A.A.P.G., twenty-five years ago.” 

Tuesday, the day before the official beginning of the technical program, 
continued to be popular with pre-convention arrivals. The several research 
committee conferences, the business and other committee meetings, and the 
annual research committee symposium, this year on “Petroleum Discovery 
Methods,” occupied the day and many hours into the night. 

On Wednesday, sessions of the three societies, in the Cosmopolitan Silver 
Glade Room, listened to the presidents’ annual addresses and special ad- 
dresses reflecting world conditions, and concentrated their attention on two 
outstanding war-emergency conferences: “Applications of Geology and Geo- 
physics to War and Post-War Problems of the Petroleum Industry,” and 
‘‘War-time Personnel Problems.” 
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On Thursday, continued joint sessions were devoted to technical papers 
of general interest, and on Friday, separate technical and business sessions 
ended the principal days of the convention. 

On Saturday, the research committee post-convention conference, now 
seemingly a custom because of continued interest and attendance, was de- 
voted to “Sedimentation.” 

The attractively printed program, conveniently containing abstracts of 
most of the 118 papers which were presented both orally and by title before 
the three societies, will be mailed postpaid upon request to Association Head- 
quarters, P.O. Box 979, Tulsa, Oklahoma. 

Trips were arranged for Thursday, giving an opportunity to see the Front 
Range, the transition zone between the Great Plains and the Rockies. These 
trips included places of scientific and educational importance in the city of 
Denver, the Colorado School of Mines at Golden, and the University of 
Colorado at Boulder. Unfortunately, spring rains dampened the plans some- 
what. The Western Slope trip, planned for Saturday and Sunday, was can- 
celled because of a severe snow storm. 

This meeting did not include an annual banquet and dance, but the mem- 
bers found relaxation from their serious business of war-effort in a number of 
informal entertainments. On Thursday night, a ranch-style turkey dinner fol- 
lowed by music and dancing drew several hundred to the Cosmopolitan Silver 
Glade. Students from the University of Denver featured delightfully the 
square dance. On each of the three days of the convention, Mr. and Mrs. 
Thomas H. Harrison entertained at breakfast at the Denver Club. On Thurs- 
day the ladies were served tea at the Denver Country Club by the wives of 
the local geologists. 

ELECTION 


The officers elected for the new year of Association history, taking office 
immediately after the convention, are: president, Fritz L. Aurin, of the South- 
land Royalty Company, Fort Worth, Texas; vice-president, Paul Weaver, of 
the Gulf Oil Corporation, Houston, Texas; secretary-treasurer, Edmond O. 
Markham, of the Carter Oil Company, Tulsa, Oklahoma; and editor, W. A. 
Ver Wiebe, of the University of Wichita, Wichita, Kansas. 

The Society of Economic Paleontologists and Mineralogists has the fol- 
lowing officers: president, Herschel L. Driver, Los Angeles, California; vice- 
president, Parker D. Trask, Washington, D. C.; and secretary-treasurer, 
Henryk B. Stenzel, Austin, Texas. 

The Society of Exploration Geophysicists elected: president, Frank Gold- 
stone, Houston, Texas; vice-president, R. D. Wyckoff, Pittsburgh, Pennsyl- 
vania; secretary-treasurer, T. I. Harkens, Houston, Texas; and editor, J. A. 
Sharpe, Tulsa, Oklahoma. 


OFFICIAL AND COMMITTEE PERSONNEL 
A.A.P.G. 


President, Edgar W. Owen, San Antonio, Texas 
Past-President, Luther C. Snider, Austin, Texas 
Vice-President, Earl B. Noble, Los Angeles, California 
Secretary-Treasurer, E. O. Markham, Tulsa, Oklahoma 
Editor, W. A. Ver Wiebe, Wichita, Kansas 
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S.E.P.M. S.E.G. 
Pres., H. V. Howe, Baton Rouge, La. Pres., H. B. Peacock, Houston 
Past-Pres., Carey Croneis, Chicago Vice-Pres., Frank Goldstone, Houston 
Past-Pres., Gayle Scott, Ft. Worth Secy.-Treas., W. M. Rust, Jr., Houston 
Vice-Pres., A. C. Ellisor, Houston Editor, R. D. Wyckoff, Pittsburgh 
Secy.-Treas., H. B. Stenzel, Austin Past-Pres., W. T. Born, Tulsa 
Editor, N. D. Newell, Madison, Wis. Bus. Mgr., J. F. Gallie, Houston 


Editor, W. H. Twenhofel, Madison 


ROCKY MOUNTAIN ASSOCIATION OF PETROLEUM GEOLOGISTS 


Pres., H. E. Christensen, The Texas Company, Denver 

1st Vice-Pres., C. E. Erdmann, U. S. Geological Survey, Denver 
2nd Vice-Pres., Don B. Gould, Colorado College, Colorado Springs 
Secy.-Treas., Ralph D. Copley, The California Company, Denver 


DENVER CONVENTION COMMITTEE CHAIRMAN 


General C. E. Dobbin, U. S. Geological Survey 
Technical program A. E. Brainerd, Continental Oil Company 
Finance Hugh A. Stewart, The Texas Company 
Entertainment Harry W. Oborne, Colorado Springs, consulting 
Hotels Charles S. Lavington, Continental Oil Company 
Registration Charles M. Rath, consulting 
Field trips 

Western Slope John W. Vanderwilt, consulting 

Front Range F. M. Van Tuyl, Colorado School of Mines 
Reception T. S. Harrison, consulting 
Publicity W. A. Waldschmidt, Colorado School of Mines 
Educational exhibits Warren O. Thompson, University of Colorado 


Society of Economic Paleon- J. Harlan Johnson, Colorado School of Mines 
tologists and Mineralogists 

Society of Exploration Geo- C. A. Heiland, Colorado School of Mines 
physicists 


TITLES AND ABSTRACTS OF PAPERS 


> — W. Owen, President, A.A.P.G., L. H. Wentz Company, San Antonio, 
exas 

The Artificial Horizon and Geological Prospective 

2. Henry B. PEacock, President, S.E.G., Geophysical Service, Inc., Houston, Texas 

How Can Geophysicists Best Serve? 

3. Henry V. Howe, President, S.E.P.M., Louisiana State University, Baton Rouge, 
Louisiana 

Neglected Gulf Coast Microfauna 

Micropaleontology as a profession is scarcely more than 20 years old. In the region 
of the Gulf Coast the interest of micropaleontologists has centered chiefly on the smaller 
foraminifera, and to a lesser degree on the larger foraminifera and ostracodes. Despite 
the excellent monographs on bryozoa by Canu and Bassler, little use has been made of 
these organisms. Commercial reports occasionally mention certain lamellibranchs, 
gastropods, or otoliths, though seldom specifically. Fossil remains of other groups of 
organisms are not infrequently combined under the descriptive term “shell-fragments.” 
That the major interest of micropaleontologists should have centered on the forami- 
nifera, both large and small, is not surprising, because of their abundance and excellent 
preservation in the deltaic clays and clayey sands, which predominate in the salt-dome 
region westward from the Mississippi River to the Rio Grande. 

Eastward from the Mississippi, however, terrigenous sediments rapidly diminish in 
quantity, with limes and chalks increasing in abundance. Many of these limes have been 
subjected to leaching since deposition. The smaller foraminifera appear to have been 
more soluble than other organisms. Because of the increasing interest in pos- 
sible oil production from these eastern Gulf Coast states, the purpose of this paper is to 
point out not only the desirability of utilizing certain easily recognized and abundant 
species of bryozoa, but to note the occurrence and possible use of crinoids, holothurians, 
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barnacles, crab’s claws, diatoms, and other organisms. Of these, only the crabs have 
recently received more than passing attention. Despite the abundance of crinoid re- 
mains in several horizons, at numerous localities, the writer knows of no previous men- 
tion of them from the Gulf Coast Tertiary, nor has he seen previous reference to holo- 
thurians from the same region. 


4. WALLACE E. Pratt, Director arid Vice-President, Standard Oil Company of New 
Jersey, New York, New York 
Good Geologists Make Good Neighbors—A Study of the Role of American Geologists 
in Hemispheric Solidarity under the Good Neighbor Policy 
5. E. L. DEGoryer, Director, Conservation Division of the Office of the Petroleum 
Coordinator, Washington, D. C. 
Notes on Present Status of the Problem of Exploration 
6. Carey CRONEIS, Walker Museum, University of Chicago, Chicago, Illinois 
Geology in War and Peace 


This paper critically examines the general standing of geology among its sister 
sciences, and evaluates the subject’s present usefulness versus its potential utility in the 
total economy of a nation either at war or at peace. An attempt also is made to appraise 
the present position of the earth scientist as compared with that of non-geological sci- 
entists in the war effort; and ways are suggested for improving the situation not only 
for the good of the individual geologist, but for the welfare of the country as a whole. 

The present rather unsatisfactory position of geology and geologists has had, and 
will continue to have, unfavorable repercussions for the petroleum industry, and in- 
directly for the nation at large. This fact is well indicated by a number of situations 
herein described, but in no fashion is it more strikingly demonstrated than by the re- 
sults of the graduate record examinations. These results show that the quality of the 
students entering graduate schools of geology, and not long thereafter the fields of 
geological endeavor, urgently needs improving. Suggestions are made for securing this 
improvement, and for elevating the standing of the science itself without which eleva- 
tion the difficulties of attracting outstanding young men to the profession will increase 
rather than diminish. 

In the belief that an elevation of the standing of geology will eventuate and that, 
therefore, the subject will attract future national leaders, some consideration is given to 
the curricular modifications which may be needed adequately to train the new recruits 
for leadership. 


7. Paut P. Goupxorr, Consulting Geologist, Los Angeles, California 
Foraminiferal Zones in the Upper Cretaceous of the Sacramento and San Joaquin 
Valleys, California 

The paper deals vith the Upper Cretaceous strata developed in the Sacramento 
and San Joaquin valleys between the latitude of the town of Corning on the north and 
the latitude of the B)ickwell Corner on the south. 

General micrciaunal characteristics, stratigraphical sequence, areal distribution, 
and lithological variations of the foraminiferal zones recognizable in the part of the sec- 
tion are described. 

One sketch map shows localities of surface outcrops and wells from which samples 
were obtained. Another map illustrates in a schematic way stratigraphical sequence and 
areal distribution of the zones. 


8. JAMEs M. Kirsy, Standard Oil Company of British Columbia, Calgary, Canada 
Upper Cretaceous Stratigraphy of the West Side of Sacramento Valley South of Wil- 
lows, Glenn County, California 


This article discusses the lithology of the Upper Cretaceous sediments (Chico 
series) along the west side of Sacramento Valley, as displayed in a series of measured and 
examined surface sections between Winters, Yolo County, and Willows, Glenn County. 
Certain recognizable lithologic units on the outcrop are briefly described, defined, and 
named as a step toward the breakdown of the thick Chico series into formations adapta- 
ble for use in this region. These formational units in descending order are as follows: 
Forbes formation, Guinda formation, Funks formation, Sites formation, Mills forma- 
tion, and Golden Gate formation. 

Relationship between measured sections, as well as variation in the sections, is dis- 
cussed and shown by means of correlation charts and drawings. 
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9. W. T. NIGHTINGALE, Mountain Fuel Supply Company, Rock Springs, Wyoming 
Petroleum and Natural Gas in the Non-Marine Wasatch Formation of Northwest 
Colorado and Southwest Wyoming 


The development during the past few years of commercial volumes of petroleum 
and natural gas in the Wasatch formation of northwest Colorado and southwest Wyo- 
ming has aroused considerable geological comment. 

The Wasatch formation is of Eocene age and fluvio-terrestrial in origin. Geological 
field studies have established Wasatch sedimentation as of the continental type and 
definitely non-marine. 

Petroleum and natural gas have been developed in and are now being produced 
from the Hiawatha member of the lower Wasatch. The production is believed to be in- 
digenous to the Wasatch formation and not migratory from other formations. The oc- 
currence of hydrocarbons in large volumes in a non-marine formation, and apparently 
indigenous thereto, is most unusual geologically. 

The commercial accumulation of both petroleum and natural gas in the Wasatch 
formation appears to be controlled, in the main, by structural folding. However, the 
extreme lenticularity of the Wasatch sands and the resulant stratigraphic traps formed 
by sand lensing are of more importance locally than structural position in determining 
successful well locations. Over 25 separate gas productive lenses and five separate oil- 
productive lenses of variable sizes and shapes are already known to occur in the Hia- 
watha member of the Wasatch formation. 

Four fields, namely, East Hiawatha, West Hiawatha, Powder Wash, and Canyon 
Creek have found commercial volumes of natural gas in Wasatch sand lenses. Two of 
them, East Hiawatha and Powder Wash, are productive of commercial quantities of 
petroleum, as well as natural gas, from the same Wasatch formation. 

The economical development of petroleum and natural gas fields in the lenticular 
and somewhat erratic sands of the continental Wasatch formation involves production 
problems and hazards not common to the more regular sand-reservoir fields. 


10. ALBERT F. BarreEtTT, General Petroleum Corporation, Casper, Wyoming 
Developments in the Rocky Mountain Region in 1941 


The year 1941 was marked by continuation of a relatively active drilling campaign. 
In Wyoming the major development of light oil production was in the Lance Creek 
field of eastern Wyoming; Cole Creek in central Wyoming; and in the Wertz, Lost 
Soldier, and Mahoney fields in the Lost Soldier District of south-central Wyoming. 
The major black-oil development was in the Oregon Basin, Frannie, and Byron fields in 
the Big Horn Basin district of northern Wyoming and in the Maverick Springs field in 
the Wind River Basin of central Wyoming. In Montana the active development was 
confined to the two major fields of the state, Cut Bank and Kevin Sunburst in the 
northern part of the state, both light-oil producers. In Colorado the active development 
was in the Wilson Creek field and in the Rangely shale-oil field, all light oil. 

In several cases the development work resulted in extensions of oil productive 
areas, in particular at Lost Soldier, Wertz, Cole Creek, and Frannie in Wyoming; at 
Cut Bank and Kevin Sunburst in Montana; and at Wilson Creek in Colorado. Two 
relatively important extensions of gas areas resulted from 1941 drilling; at Elk Basin 
in northern Wyoming and at Hiawatha in southwestern Wyoming. 

At Wilson Creek in Colorado a new oil-producing zone (Sundance sand) was defi- 
nitely proved to be commercially productive, which discovery, along with extensions 
of the higher Morrison sand area, added considerably to the estimated reserves for the 
field. 

There were no important discoveries of new oil- or gas-producing areas in the 
Rocky Mountain states during 1941. Results or three wildcat tests indicated discovery 
of new gas fields of as yet unknown importance at the following locations: Canyon Creek 
structure, Sweetwater County, southwestern Wyoming; Sherard Dome, Carbon 
County, south-central Wyoming; and the Reagan structure on the Twin Rivers struc- 
tural nose, Glacier County, northern Montana. 

There were ten important wildcat tests in Wyoming in 1941, of which four had 
been abandoned as failures prior to end of year. In Montana three important wildcats 
were drilled and abandoned as failures during 1941. In Colorado two important wild- 
cats were still active at the end of 1941. There were numerous other wildcats, not con- 
sidered as important tests, drilled or drilling during 1941. 

All Rocky Mountain producing states, Colorado, Wyoming, and Montana, showed 
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increased oil production in 1941 as compared to 1940. Montana’s production figure was 
an all-time high for the state and Wyoming’s production reached a new high since 1024. 


11. JosEPH L. BorDEN, Pure Oil Company, Tulsa, Oklahoma 

Developments in Oklahoma during 1941 

Oklahoma’s position improved during 1941 by increasing production about 2} 
million barrels to total 152,013, 942 barrels. Estimated reserves at the close of 1941 were 
1,035,820,000 barrels, an increase of 34,000,000 barrels over 1940. The Oklahoma 
production curve paralleled the national production curve from 1930 through 1937. 
The drop in national production in 1938 was corrected in 1939 and national production 
has continued to rise since that year. Oklahoma on the other hand steadily declined 
through 1938, 1939, and 1¢40. The small gain in production and reserves in 1941 is the 
first hopeful sign in several years. Production increase is due largely to development of 
pools discovered prior to 1941. However, 43 new pool discoveries are listed for the year. 
Of these, Apache is the most important, but its discovery came too late in the year 
materially to affect production. An encouraging sign is the continued successful search 
for oil in the older areas, such as the Seminole region and Okfuskee County. 

Geophysical activity was widespread and included all the present-day methods. 
There was an average of 25 seismograph parties operating in the state, totaling 2813 
crew months of work, an increase of 36 crew months for the year. Nearly three-fourths 
of all the new discoveries are credited to seismograph surveys. Gravimeters and mag- 
netometers continued in use and the stratigraphic drill was used more than in previous 
years. 

There were 2,162 wells drilled during the year, of which 1,489 produced oil or gas. 
Of these, 271 were exploratory wells drilled following the exploratory surveys. Seventy 
of these wells were completed as producers, and 43 are classed as new pool openers. 


12. WALTER B. Lano, U. S. Geological Survey, Washington, D. C. 
The Carlsbad Dolomite and the Pisolites of the Guadalupe Mountains of New Mexico 


Analyses show that the Permian Carlsbad formation of New Mexico is dolomite. 
The stratigraphic relation of the Carlsbad to other contemporaneous and contiguous 
deposits suggests that all ions in sea water transgressing the reef area available to form 
calcium carbonate precipitated to make the Capitan and Carlsbad formations. The 
flat-lying Carlsbad deposits were converted before burial into dolomite through contact 
with strong magnesian brines from the back-reef. Most of the Capitan remained un- 
affected. The relative position of these limestones and dolomites to contemporaneous 
deposits indicates a chemical sequence of deposits caused by evaporation of sea water 
and that organisms flourished only in congenial environments. The pisolites are of 
physio-chemical origin with little positive evidence for organic associations. The piso- 
lites are compared with the Carlsbad Cavern cave marbles. 


13. Luna B. Leopotp, U. S. Soil Conservation Service, Albuquerque, New Mexico 

Climatic Character of the Interval between the Jurassic and Cretaceous New Mexico 

and Arizona 

In many places in New Mexico and Arizona a kaolinized, white horizon has been 
noted at the top of the Morrison formation (Jurassic) immediately under the Dakota 
(Cretaceous), as well as a kaolin-cemented, white sandstone which is the more prevalent 
form of the distinctive feature. In Rio Arriba County, New Mexico, there occurs a 
nearly pure white, massive kaolinite in small lenses at the contact between the forma- 
tions. 

The kaolinization is of such widespread distribution that it may be useful as a 
marker horizon in drilling operations, and it provides some additional data on the 
probability of a moist climate prevailing during the period separating the Jurassic and 
Cretaceous in this area. 


14. B. W. Branpiep, Gulf Refining Company, Shreveport, Louisiana 

Roy T. Hazzarp, Gulf Refining Company, Shreveport, Louisiana 

Summary of Development in South Arkansas and North Louisiana during 1941 

During the year 1941, 26,183,478 barrels of oil and distillate were produced in 
Arkansas and 26,770,512 barrels in North Louisiana. During December, 1941, there 
were 2,936 oil- and distillate-producing wells in South Arkansas and 4,153 wells in 
North Louisiana. 

A total of 207 wells were drilled in South Arkansas during 1941 with total footage 
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of 853,032 feet. In North Louisiana 798 wells were drilled with total footage of 2,355,514 
feet. Of the total of 1,005 wells drilled in South Arkansas and North Louisiana, 564 
were oil wells; 123 were gas and gas-distillate wells, 187 were dry holes in fields and 131 
were wildcat dry holes. 

In South Arkansas, during 1941 “‘Travis Peak” production was discovered in the 
Smart sand area of the Stephens field of Columbia County. Cotton Valley production 
was discovered in the East Schuler field in Union County, and Smackover lime gas- 
distillate production in the Macedonia field, in Columbia County. Smackover lime oil 
production was discovered in the Mt. Holly field, Union County and in the Patton 
field, Lafayette County. 

In North Louisiana during 1941 six Eocene Wilcox sand oil fields were discovered in 

La —_ Parish and two in Catahoula Parish, with one gas-producing area in Caldwell 
Parish. 
Lower Cretaceous Pettit limestone oil production was discovered in the Haynesville 
field, Claiborne Parish, during 1941. Other Claiborne Parish discoveries are the Athens 
and North Lisbon fields where gas-distillate production was found in the “Travis 
Peak.’’ Smackover lime gas-distillate production also was developed in the North Lisbon 
field, the only Smackover production to date in North Louisiana. 


a5; — BARTON FREEMAN, Department of Mines and Minerals, Lexington, Ken- 
tucky 

Silurian and Devonian Stratigraphy in the Area South and East of the Western Ken- 

tucky Coal Basin 

The area under discussion is practically coincident with that underlain by Chester 
and Lower Mississippian south and east of the Western Kentucky coal basin, and in- 
cludes Breckinridge, Meade, Hardin, Grayson, Larue, Hart, Warren, Barren, Allen, 
Logan, and Todd counties. Numerous wells have been drilled in these counties to test 
the so-called “Corniferous,”’ or limestone beneath the Chattanooga shale. 

The study of such samples as are available demonstrates the enormity of the ere- 
sional unconformity between the Beechwood (Hamilton) and the directly underlying 
formation, which may be Silver Creek (Hamilton), Jeffersonville (Onondaga), a member 
of the Silurian or Upper Ordovician. This thin limestone rests on older and older strata 
as the crest of the Cincinnati arch is approached on the east and has been entirely re- 
moved in many places close to the present outcrop. 

The Jeffersonville with its basal sand also overlaps from Clear Creek onto the 
Louisville (Silurian) limestone. At the south end of the basin the pre-Jeffersonville un- 
conformity is less striking than on the east, but the Chattanooga shale rests on strata 
ranging in age from Hamilton through Jeffersonville and Clear Creek to the Bailey 
(Helderberg), and in northern Tennessee the shale directly overlies the Upper Silurian. 


16. E. E. Rean, The Ohio State University, Columbus, Ohio 

Onondaga Group of Paris of West Virginia and Virginia 

The Onondaga group discussed in this paper includes all rock units between the top 
of the Oriskany (Ridgeley) sandstone and the base of the Marcellus formation of the 
Hamilton group. It corresponds in part to the “Corniferous” of older reports and drill- 
ers’ records. Within the area described it contains two separable lithologic members, 
an upper shale and a lower chert. 

In southeastern West Virginia the group is represented mainly by the Huntersville 
chert, which crops out in a belt about 120 miles long in Pocahontas, Greenbrier, Mon- 
roe, and Mercer counties. In Pocahontas and Greenbrier counties it is exposed on both 
flanks of the Browns Mountain anticline which lies west of the Allegheny Front. In 
Virginia and elsewhere in West Virginia it is confined to the Valley and Ridge physio- 
graphic province, where it has been traced as far south as Saltville, Virginia. The forma- 
tion contains impure chert, highly silicified shale, silicified mudrock, and, commonly, 
one or more prominent glauconitic sandstones. In general the Huntersville has few 
fossils, but at some localities there occur numerous species which the author has identi- 
fied and recorded. The Huntersville chert occupies a stratigraphic position held in 
northeastern West Virginia and northwestern Virginia by a shale of Onondaga age which 
is believed to correspond with the Needmore shale of southern Pennsylvania. The chert 
appears to grade laterally into this shale, although where both units are represented, the 
shale invariably overlies the chert. Thus, the shale is partly younger than the chert. 
The upper Onondaga contact is apparently conformable, but an unconformity at the 
base reaches great magnitude at several localities in Virginia. 
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Wells pentrating deep horizons in West Virginia, western Pennsylvania, and eastern 
Ohio encounter a limestone and chert unit at the general Onondaga level. This unit is 
the eastern subsurface extension of the Columbus limestone of Ohio and, probably, the 
analogue of the Onondaga limestone of New York. It is also the precise equivalent of the 
Huntersville chert. Commercial gas was discovered in it (1936) along the Chestnut 
Ridge anticline of southwestern Pennsylvania, and a recent Oriskany test well on the 
same structure encountered rock pressure of 3,275 pounds in the Huntersville. Most 
likely the chert is a reservoir only because of brecciation. The extreme brittleness of the 
Huntersville is attested on the outcrop by strong fragmentation wherever it is folded. 
This fact suggests its potential value as a gas and, possibly, an oil reservoir wherever 
deformation has caused brecciation at depth. 


17. F. A. NIcKELL, U. S. Bureau of Reclamation, Denver, Colorado 

Geology Applied to Engineering 

Engineering geology from an obscure beginning achieved most of its growth in the 
period of unprecedented construction chiefly during the past 15 years. The responsibil- 
ity and points of interest of the engineering geologist are distinct in some respects from 
those in the better known fields of applied geology. However, basic considerations and 
methods of interpretation differ only in adaptation and emphasis. A few major projects 
of national importance illustrate typical problems. 


18. Cart A. HEILAND, Colorado School of Mines, Golden, Colorado 

Applications of Geophysics in War 

War-time applications of geophysics come under the heading of military operations 
and location of essential minerals. In the combat zone, sound ranging helps to locate 
hostile guns and to adjust friendly artillery. Listening devices determine the approach 
of submarines or airplanes. Buried munition dumps, shells, and bombs can be located 
by radio detection devices. Vessels at sea may establish their position by radio-acoustic 
ranging. Planning of fortifications and harbors and location of construction materials 
will be aided by seismic refraction, ‘electrical resistivity, and dynamic ground testing. 
The same methods are applicable to problems involving the construction of railroads, 
highways, bridges, tunnels, and munitions plants. For the last, added protection is 
possible by static-ground-resistance investigations. Salvage operations, location of 
shipwrecks and practice weapons, are aided by echo-sounding and radio methods. 

In the second group, geophysics is concerned with the location of water, fuels, and 
strategic minerals. Water may be found under favorable conditions by electrical and 
seismic methods, and water wells may be tested by electrical logging. Geophysical foun- 
dation investigations are applicable in irrigation, flood-control, and power projects. 
Magnetic, gravimetric, seismic-reflection, and electrical well-logging methods occupy a 
prominent place in oil exploration. Coal and lignite deposits may be mapped by geo- 
physical methods. Magnetic, electrical, gravimetric, and seismic exploration methods 
are now used in a systematic government-sponsored exploration program to uncover 
vitally needed deposits of bauxite, chromite, manganese, mercury, nickel, tin, and 
tungsten. 


19. HERBERT HOOvER, JR., United Geophysical Company, Pasadena, California 

Contribution of Geophysics to the National Effort 
20. K. C. HEAtp, Gulf Oil Corporation, Pittsburgh, Pennsylvania 

Origin of Oil 
a1. L. = NETTLETON, Gulf Research and Development Company, Pittsburgh, Penn- 

sylvania 

Geophysical Evidence on the Mechanics of Salt Domes 

In 1934 the author presented a theory of salt-dome formation and illustrated it with 
a model which indicated: (1) that the motive force causing salt uplift is essentially the 
gravitational force resulting from the fact that the density of the salt is less than that 
of the surrounding sediments and (2) that both salt and sediments behave essentially 
as highly viscous fluids. The present paper considers the experimental and theoretical 
work, largely by others, carried out since that time which has a bearing on this fluid- 
mechanical theory. 

Hubbert in 1937 derived, from dimensional considerations, the numerical relations 
between the physical constants of a model and its prototype in nature which should be 
fulfilled to give true dynamic similarity. Dobrin in 1941 determined physical constants 
of a fluid salt-dome model, applied Hubbert’s analysis, and established that the model 
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fulfilled the dimensional criteria. By measurement of flow rates and viscosities in a 
model, he determined the equivalent viscosity for the sediments arriving at a value 
which is in reasonable accord with determinations by other means. The experiments 
by Griggs and the thermodynamic development of the physics of stressed solids by 
Goranson in recent years have interpreted the physical properties of rock material, in 
terms of long time stresses. This work has clarified and evaluated certain fundamental 
properties such as “strength,” “plasticity,” etc. that are directly applicable to the fluid 
mechanical postulate of salt-dome formation. Finally, recent extensive geophysical 
work and drilling around salt domes have revealed the frequent existence of rim syn- 
clines which are a natural consequence of the fluid-mechanical theory and which were 
relatively unknown or unrecognized as such at the time of the earlier paper. All of this 
work seems to confirm the general hypothesis that salt-dome formation is largely a 
fluid-mechanical process. 

A dynamic model illustrating the fluid mechanics of dome formation will be avail- 
able when the paper is given, and it is hoped it can be seen in operation in connection 
with other exhibits of the convention. 


22. R. DANA RussELL, Louisiana State University, Baton Rouge, Louisiana 

Salt Domes of Bienville Parish 

The salt domes of Bienville Parish, Louisiana, are classic examples of the shallow 
or piercement-type dome, and have been prominent in the geologic literature of the 
Gulf Coast since the discovery of Cretaceous fossils at King’s Dome in 1867. 

Detailed surface mapping shows the domes to be round to oval in plan, with 
progressively younger sediments exposed in concentric rings outward from a central 
depression. Rim synclines and partial rim anticlines are also evident. Deformation of 
Pleistocene deposits serves to date the last period of uplift on most of the domes. 

Neither the ring of upturned sediments nor the adjoining anticline has been ade- 
quately explored by drilling on most of the domes, so they may still be considered as 
potential producers. 


23. PAuL WEAVER AND CommirTTEE, Gulf Oil Corporation, Houston, Texas 


Joun S. Ivy, Geologist, Houston 

D. Perry Otcott, Humble Oil and Refining Company, Houston 

Joun M. Vetter, Pan American Prod. Company, Houston 

GrorcGE S. BuCHANAN, Consulting, Houston 

Statistical Analyses of Crude Oils of Tertiary Age in the Gulf Coast of Texas and 
Louisiana as They Vary with Depth, Producing Formations, and Structural Types 


24. FREDERIC H. LAHEE, Sun Oil Company, Dallas, Texas 

Discovery Rate and Relation of Wildcatting to the Discovery of New Reserves 

The total number of wildcats drilled in 1941, in the states covered by this report, 
was 3,264, and the footage drilled was 11,615,085, as contrasted with 3,038 holes and 
10,144,870 feet, respectively, in 1940. The average depth of hole increased from 3,339 
feet to 3,559 feet for all states covered, and from 4,209 feet to 4,372 feet in the southern 
states. 
This résumé on wildcatting is followed by a study of discovery rate in the eleven 
states of Arkansas, California, Illinois, Indiana, Kansas, Louisiana, Michigan, Missis- 
sippi, New Mexico, Oklahoma, and Texas. Discovery rate is measured by the relations 
between wildcatting and the discovery of new reserves during the last half decade. Ex- 
cept for a slight rise, in 1941, in the curves expressing rate of discovery, there has been 
a decline since 1937. 


25. F. M. GETZENDANER, Consulting Geologist, Uvalde, Texas 

Problem of Pre-Trinity Deposits in South Texas 

Probability of Permian deposits in the East Texas basin is suggested. Attention is 
directed to the new section of Jurassic, Neocomian, and Trinity deposits in the region 
of East Texas, Louisiana, and Arkansas, arranged by the Shreveport Geological Society 
and Ralph W. Imlay, with new names for some of the formations; and the presence of 
Jurassic deposits in Limestone County, Texas, on the west side of the basin. 

Evidence is presented of the progressive increase in basinward slopes on the base- 
ment and dips on the sedimentary beds, westward across Arkansas and East Texas, 
thence southwestward to the locality of San Antonio, thence continuing westward again 
to the Rio Grande. For this 700 miles of generally uniform trend it is postulated that the 
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slopes and dips are functions of sediment load. In general, the greater slopes and dips 
are toward localities of greater loads of sediments within the basin. The conclusion is 
that, at comparable locations with reference to the shore, the pre-Trinity deposits in 
South Texas are thicker than in East Texas, Louisiana, and Arkansas. 

Some criteria are suggested for locating the Jurassic shore line. Importance for pos- 
sible oil and gas production along the continental shore, and the shores of peninsulas 
and islands, is stressed. Probability of the presence of undiscovered salt domes in South 
Texas is pointed out. 


26. James L. Tatum, Plymouth Oil Company, Sinton, Texas 

Jarvis Garst, Plymouth Oil Company, Sinton, Texas 

Plymouth Field, San Patricio County, Texas 

The Plymouth oil field is located in northeastern San Patricio County, Texas, in 
the Coastal Bend province of the Gulf Coastal Plain. The discovery well was completed 
in April, 1935, in the Plymouth or 5,500-foot sand. Reflection seismograph led to the 
discovery. One hundred eighty-eight wells have been completed as of January 1, 1942. 
The field has a proved area of 3,000 surface acres and has produced 21,631,000 barrels 
of oil to January 1, 1942. 

The field is located on strike with the most prolific lower Catahoula (Frio) sand 
fields of the Coastal Bend province. The sand conditions are excellent along this strike 
and reach their maximum thickness a short distance downdip from the Plymouth field. 
The structure is an elongate flat dome of moderately low relief. The maximum proved 
closure is approximately 100 feet. The dome is bounded on the southwest flank by a 
graben. The structural uplift is probably caused by a deep, buried salt core. The dome 
becomes more pronounced and steeper with depth; on the Greta sand there is only a 
broad nosing, on the 5,600-foot sand there is a broad flat dome, but on the 6,100-foot 
sand there is a very pronounced doming with steeper dips. There is good evidence of at 
least one erosional unconformity. 

There are four producing oil sands: (1) Plymouth sand, 5,500 feet; (2) Heep sand, 
5,600 feet; (3) Magnolia sand, 5,800 feet; (4) 6,100-foot sand. Of these, the Heep is the 
most important oil reservoir. 


27. CHARLES E. DECKER, University of Oklahoma, Norman, Oklahoma 
A Silurian Graptolite Zone in Crane County, Texas 


In June, 1941, William Hilseweck of the Gulf Oil Corporation of Fort Worth, 
Texas, sent the writer a piece of core from a well taken at a depth of 9,340 feet in Crane 
County, Tesas. While he did not determine the species, he correctly concluded that the 
graptolites on the core proved the presence of a Silurian zone for one which had com- 
monly been called Devonian. A few fragments of graptolites occur on the surface of the 
core, but they have sufficiently diagnostic characteristics to identify the species. The 
stratigraphic conditions are noted, and the species is illustrated and described. Also, it 
is compared with specimens of the same species which were sent to the writer from the 
Chicago region by Alfred and Helen Loeblich. 


28. F. R. DENTON, Consulting Geologist, Tyler, Texas 
R. M. TrowsripcE, Consulting Geologist, Tyler, Texas 
Developments in East Texas during 1941 


The marked increase in exploratory tests in East Texas during 1941 resulted in the 
discovery of three oil fields. Two of these fields are producing from the Woodbine forma- 
tion and one from the Rodessa zone of the lower Glen Rose formation. 

In the Hawkins field, which was the major 1940 discovery, a rapid development pro- 
gram took place and 243 oil wells, 3 gas wells, and 8 dry holes were drilled. 

The number of completions in other proved fields exceeded that of 1940. 


29. O. L. Brace, Consulting Geologist, Houston, Texas 

Review of Developments in 1941, Gulf Coast of Upper Texas and Louisiana 

More refined methods of oil exploration have resulted in a slight increase in the 
discovery rate on the Texas Gulf Coast for 1941 but the generally second-grade type of 
individual pool that has resulted from exploratory activity during the past few years 
still characterizes the discovery column. Coastal Louisiana has had a successful year, 
with 17 new productive areas but there is no one of these that seems at this time to 
compare with some of the outstanding discoveries of recent years. 

Activity along the Eocene Wilcox trend has been rather successful in Texas for 
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1941 but has failed to result in a new discovery in Louisiana. Louisiana, however, has 
made impressive additions to the reserves of previously discovered fields by extension 
and through the opening of new producing sands. 


zo. R. E. Baxter, Colorado School of Mines, Golden, Colorado 

Harry A. AuRAND, Consulting Geologist, Denver, Colorado 

Oil Shales of the Rocky Mountain Area 

Great areas of oil shale occur in the Rocky Mountain area. These shales, when sub- 
jected to destructive distillation, yield oil in varying quantities. Relatively little is 
known about the retorting of the shales on a commercial scale, the methods or costs of 
mining, or the probable value and expense of disposing of the spent shale. 

The main value of the oil derived from the retorting of the shales apparently lies 
in the special products such as high grade lubricating oils and medicinal materials such 
as ichthyol. 


31. V. F. Parry, U. S. Bureau of Mines, Golden, Colorado 
Coals of the Rocky Mountain and Great Plains Region with Special Reference to Their 
Value for Hydrogenation 
The author discusses occurrence, reserves, and properties of western coals, and re- 
views the present status of hydrogenation of these fuels. Six lantern slides are used to 
present the data. 


32. Sremon W. MULLER, Stanford University, Palo Alto, California 

Husert G. ScHENCK, Stanford University, Palo Alto, California 

Standard of Cretaceous System 

A preliminary report on this subject was read before the Pacific Section of the 
Association on October 16, 1941. The present paper incorporates slight revisions based 
on suggestions from several colleagues, notably John B. Reeside, Jr., and his associates, 
Gayle Scott and Hans E. Thalmann. 

The standard of the Cretaceous system represents a composite time-rock column— 
a total or complete sequence of strata between the Jurassic and the Cenozoic. This 
standard has been built up by fitting together continuous sections which are especially 
well exposed in several areas in Europe. The system is subdivided into Series, Stages 
and Zones. These divisions are based on paleontologic evidence, with no regard being 
paid to thicknesses of strata and their lithologic character. Particular attention is 
drawn to the early work of d’Orbigny in setting up the Stages, and a detailed analysis 
of a representative Cretaceous Zone is presented to clarify the meaning of the termi 
zone. The study of the boundaries between the underlying Jurassic and the overlying 
Cenozoic leads to the conclusion that the lowest Cretaceous stage is the Berriasian and 
the highest is the Danian. 


33- WAYNE LoEt, Consulting Geologist, Los Angeles, California 

Sediments and Tectonics of the Upper Santa Clara River Drainage Area, California 

The area is separated by the San Gabriel fault into two separate provinces. The 
Tertiary sediments of the Eastern province, or extreme upper portion of the Santa 
Clara drainage system, are principally of terrestrial origin, while those lying westerly 
from the San Gabriel fault are almost entirely marine. Sedimentation in both provinces 
was concurrent during most of Tertiary time. The paper consists of a paleogeographic 
analysis of the area. 


34. James R. Dorrance, The Texas Company, Bakersfield, California 

California Exploration and Development in 1941 

California’s decline in discovery rate was sharply checked in 1941. Thirteen new 
areas of production were officially acknowledged. Eight are definitely established as 
fields, this figure including one new gas field. The status of the remaining five remains 
unsettled either by virtue of their imperfect state of development, or because subse- 
quent drilling may prove them extensions of old fields. In addition, there were dis- 
covered three significant extensions to old fields, and a deep zone in one of the new fields 
of this year. 

Increase in discovery rate was associated with increased exploratory effort as in- 
dexed by wildcat drilling, geophysical activity, and geological employment. 

though numerically impressive, the addition to reserves by 1941 discoveries was 

disappointing, amounting to a tenth or less than the year’s production. Nevertheless, 
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the year’s record of improved discovery rate is encouraging, and implies that we may 
reasonably expect discoveries to continue with perhaps an occasional one of major 
proportion. 

The problem of diminishing rate of supply is briefly examined. 


35. Rosert L. Bates, New Mexico School of Mines, Socorro, New Mexico 
Occurrence and Origin of Permian Evaporites 


The deposits of Permian salt, anhydrite, and potash which occur in the southwest- 
ern Mid-Continent region are of considerable importance from both the economic and 
the scientific viewpoints. Although their presence has been known and their substance 
mined for years, there is no available comprehensive account of their occurrence and 
origin. It has been decided that a section of the Permian Volume be given over to a 
discussion of problems coming under the above title. This note is a report of progress 
on the preparation of the section on evaporites. 

Procedure to date has been as follows. All pertinent articles on the subject at hand 
have been read and summarized by the writer of this note; these summaries have been 
assmbled and synthesized; and a number of copies of the assembled summaries have 
been made. It is now hoped that all geologists interested in this subject will procure 
copies of the digested abstracts, read them with care, and then let the present writer 
have their ideas, opinions, suggestions, hypotheses, theories, recommendations, and 
criticism in general. The purpose of all this will be, first, to summarize accurately the 
occurrence of Permian saline residues, and second, to test the published theories and 
hypotheses of evaporite formation against the facts as they are known by qualified 
workers in the field. If the theories now in existence explain everything satisfactorily, 
it will be worth while to know that; if not, then an attempt will be made to evolve some- 
thing more generally applicable. The ultimate report will be the result of cooperation on 
the part of many geologists interested in evaporites. It is hoped that the report can be 
completed in a few months. 


36. M. L. THompson, New Mexico School of Mines, Socorro, New Mexico 
C. E. NEEDHAM, New Mexico School of Mines, Socorro, New Mexico 
The Pennsylvania-Permian Contact in New Mexico 


The Pennsylvanian-Permian contact in New Mexico has generally been recorded 
as being between the marine Pennsylvanian “Magdalena formation” and the non- 
marine Permian Abo formation. Evidence is presented in this discussion to show that 
two unconformities of large magnitudes, with intervening marine deposits, are present 
between the Pennsylvanian ‘Magdalena formation” and the Permian Abo formation 
in many areas of New Mexico. One of these unconformities is at the base of the Abo 
formation and the other occurs lower in the section. Furthermore, evidence is presented 
to show that the lower of these two unconformities marks a contact between fusulinid- 
bearing marine Pennsylvanian and fusulinid-bearing marine Permian sediments. In 
extreme northern New Mexico, the Pennsylvanian-Permian contact seems to be be- 
tween marine Des Moines Pennsylvanian sediments and non-marine Permian redbeds. 


37. C. E. NEEDHAM, New Mexico School of Mines, Socorro, New Mexico 
R. L. Bates, New Mexico School of Mines, Socorro, New Mexico 
Permian of Central and Northern New Mexico 


Formations in ascending order above an unnamed basal Wolfcamp formation are 
the Abo, Yeso, Glorieta, and San Andres. Relations across the state are shown by three 
cross sections. 

The Abo consists of red and brown thin-bedded shales and medium-bedded sand- 
stones, with arkoses; it shows ripple marks, mud cracks, salt casts, cross-bedding, tracks 
and remains of vertebrates, and plant impressions; it is non-marine. The thickness is 
about 650 feet near Socorro and increases to goo or 1,000 feet near Alamogordo. 

The Yeso consists of gypsum, pink and light-colored silts and sands, and lime- 
stones. Limestone increases from less than 6 per cent in the Zuni Mountains to more 
than 25 per cent in the Sacramento Mountains. Some of the members can be traced for 
scores of miles. The formation is mainly marine in origin. The thickness is about 620 
feet — type locality near Socorro and increases to more than 1,100 feet near Ala- 
mogordo. 

The Glorieta is a clean light-colored heavy-bedded medium-grained resistant sand- 
stone 135 feet thick at Rowe on Glorieta Mesa. It is about 70 feet thick east of Socorro 


| 


908 THE ASSOCIATION ROUND TABLE 


and thins to a feather edge in the San Andres and Sacramento mountains. It is probably 
marine in origin. 

The San Andres is gray to pale-buff medium- to heavy-bedded limestone about 350 
feet thick at the type locality in Rhodes Canyon. It thins to 20 feet on Glorieta Mesa 
and disappears north; its relations to the overlying Permian southeast are not well 
understood. A sand zone in the lower part is traceable from the Zuni Mountains to 
Hondo Canyon 225 miles southeast. At the north the San Andres is overlain by pink 
silts and sands of unknown age. 


38. CHARLES P. MILLER, Consulting Geologist, Hobbs, New Mexico 

Geological Factors Which Led to Discovery of Salt Lake Pool, Western Lea County, 

New Mexico 

The Salt Lake pool is in southeastern New Mexico, approximately midway between 
Carlsbad and Hobbs. The discovery well was completed in June, 1941, at a total depth 
of 3,103 feet. As of February 1, 1942, the field contained six wells, producing oil that 
ranges in gravity from 26 to 30 degrees. : 

Microscopic study of the pay section reveals that much of the oil has accumulated in 
solution cavities within the dolomitic limestone and that the dolomitic limestone itself 
is not saturated. Two distinct “pays” are separated by approximately 75 feet of lime- 
stone yielding only minor showings of oil. The early appearance of water suggests that 
the solution cavities contain appreciable amounts of water as well as oil. Free gas is 
practically lacking and the oil is produced by pumping. The Cowden anhydrite member 
in the lower part of the Salado salt is believed to be the youngest reliable structural 
marker. It is believed that much of the structural adjustment that produced closure 
in the Salt Lake pool occurred during middle Salado time. Therefore, in searching for 
new pools within this area, the thickening and thinning of the Salado should be care- 
fully studied. Isopach maps of the interval from the top of the Rustler anhydrite to the 
top of the Cowden anhydrite are very helpful in localizing structure. Isopach maps in 
the interval from the top of the Cowden to the top of the pay may be very useful in pre- 
dicting pay characteristics. 

The methods which were checked one against the other in locating the Salt Lake 
pool are given herewith in the order used. 

1. Regional contouring on a bed below the base of the salt. 

2. Preparation of isopach maps on the salt section. 

3. Survey of local area by torsion balance. 

4. Survey of local area by soil analysis. 


39. Matcotm C. Oakes, Oklahoma Geological Survey, Norman, Oklahoma 

J. M. Jewett, State Geological Survey of Kansas, Lawrence, Kansas 

Upper Des Moines and Lower Missouri Rocks of Northeastern Oklahoma and South- 

eastern Kansas 

Four major subdivisions of the Pennsylvania, separated by unconformities, are 
generally recognized in Oklahoma. From the base upward they are: Morrow, Des 
Moines, Missouri, and Virgil. The Morrow is not present in Kansas. Rocks herein dis- 
cussed lie in the upper part of the Des Moines and lower part of the Missouri, and thus, 
roughly, in the middle part of the Pennsylvanian. 

The unconformity between the Des Moines and the Missouri is indicated by ab- 
sence of some Des Moines beds in northeastern Oklahoma and southeastern Kansas and 
by erosion and channeling of others. It is further indicated by a northward progressive 
overlap in the overlying basal Missouri beds, well shown in the Seminole formation of 
Oklahoma, whose lower part does not extend into Kansas but whose uppermost part 
is continuous with the Hepler sandstone of Kansas. The Checkerboard limestone of 
Oklahoma has been mapped into Kansas, and is the same as the limestone overlying 
the Hepler sandstone. Rocks in Kansas lying between the Checkerboard limestone, be- 
low, and the Dennis formation, above, exhibit marked facies changes as they extend 
southward into Oklahoma. Limestones disappear and shales are less dark and more 
sandy. The limestones have been mapped with care to their southernmost extent. 


40. Putt F. Martyn, Houston Oil Company of Texas, Houston, Texas 
The Greta Sands of South Texas 

41. JouHN C. Poore, Consulting Geologist, Corpus Christi, Texas 
The Coletto Creek Field, Victoria County, Texas 

42. W. K. EscEn, Consulting Geologist, Houston, Texas 
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The Washburn Field, La Salle County, Texas 
43. Lioyp G. West, Seaboard Oil Company, Corpus Christi, Texas 

The Luby Field, Nueces County, Texas 
44. L. B. HERRING, Corpus Christi, Texas 

South Texas Development in 1941 
45. Epwarp A. Koester, Darby Petroleum Corporation, Wichita, Kansas 

Developments in North Mid-Continent in 1941 

The discovery of commercial production in a sandstone in the lower part of the 
Pennsylvania system in Kearney County, Kansas was the outstanding development in 
the North Mid-Continent region in 1941. The true importance of this discovery remains 
somewhat questionable at present because of the lack of development in its vicinity. 
Further exploration in this geologic province will probably be forestalled by war condi- 
tions. 

Otherwise Kansas experienced a year of routine development in and around proved 
areas. There was a sharp increase in wildcat activity, with a consequent increase in the 
percentage of dry holes from 20.3 per cent to 26.9 per cent. Productivity developed by 
oil well completions fell from about 2,200,000 barrels to 1,700,000 barrels, and the aver- 
age potential per well fell from 1,561 barrels to 1,379 barrels. An important group of 
pools was found along the Peace Creek trend in southwest Reno County which will 
probably result in a large share of the drilling activity for 1942. These pools are north- 
east of-the Zenith pool and have similar characteristics. Several small and relatively 
unimportant pools were found on the Central Kansas uplift, but except for the Ray 
pool in Phillips County attempts to develop important production in northwestern 
Kansas were relatively unsuccessful. Development of the McLouth pool in the Forest 
City basin continued. 

In Nebraska the Fall City pool of Richardson County was enlivened by the dis- 
covery of a deeper pay in the Hunton dolomite. The Barada pool was discovered about 
the middle of the year, and gives promise of developing into a small pool similar to 
Fall City. Wildcatting elsewhere in both east and west Nebraska was unsuccessful al- 
though much stratigraphic information was secured. 

Six deep tests were completed in the Forest City basin portion of Missouri, and six 
dry holes were drilled in Iowa with little encouragement for commercial production. No 
wells were completed in South Dakota during the year although a great amount of ex- 
ploratory work was carried on. Several stratigraphic tests were drilled. 


46. T. C. PETERs, Shell Oil Company, Wichita, Kansas 

Subsurface Correlations between Kansas and the Rocky Mountain Front Range of 

Colorado 

This paper describes a cross section which shows the stratigraphic relationships be- 
tween the subsurface rocks of Kansas and the Great Plains and the standard outcrop 
sections of the Front Range and eastern Kansas. The subsurface expressions and the 
appearance and disappearance of various elements are emphasized, together with cer- 
tain facies changes which occur laterally along the line of the cross section. The strati- 
graphic relationships of the surface and subsurface sections are also shown in greater 
detail on a correlation chart. 


47. A. J. Crowrey, Lario Oil and Gas Company, Wichita Kansas 

Recent Activities in Northwestern Kansas 

The southern part of the Cambridge arch has been the scene of considerable recent 
interest and activity, the results of which have been somewhat disappointing. 

The area, geologically, resembles some portions of the Central Kansas uplift; but 
it is separated from the uplift by a relatively low area. 

_An attempt is made herein to briefly summarize some of the salient features of the 

region. 


48. W. C. Ist, Stanolind Oil and Gas Company, Wichita, Kansas 

P. A. HARPER, Cities Service Oil Company, Wichita, Kansas 

Viola Production in Eastern Stafford and Northwestern Reno Counties, Kansas 

The area covered in this paper has three pools producing from the Viola formation. 
Listed in the order of discovery, they are: Zenith, Stafford, and Peace Creek. In the 
Zenith pool, the Maquoketa or Misener overlies the Viola. In the Stafford pool, Kinder- 
hook shale lies on the Viola. In the Peace Creek pool, a thin remnant of Misener sand 
is found here and there on the Viola, which is overlain by Kinderhook shale. In the 
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Zenith pool, production is obtained from Misener sand, Maquoketa dolomite, and 
cherty dolomite of the Viola. In the Peace Creek pool, oil is produced from the cherty 
Viola dolomites. Production in the Stafford pool is from the Viola, and one well is 
producing from the Arbuckle. 

Where present, the top of the Fernvale in this area is considered the top of the Viola. 
Fernvale limestone is present over most of the producing areas under consideration. 
Two pronounced unconformities are present: one between the Pennsylvanian and 
Mississippian, and the other between the Mississippian and Ordovician. Post-Fernvale 
—pre-Kinderhook erosion is shown by the absence of Maquoketa and Fernvale over 
considerable areas adjacent to the pools. 

In the Peace Creek and Zenith pools, accumulation is thought to be controlled by 
stratigraphic trap conditions, while in the Stafford pool accumulation is controlled by 
structure on the Viola. 


49. CHARLES B. Reap, U. S. Geological Survey, Washington, D. C. 

Lioyp G. HENBEsT, U. S. Geological Survey, Washington, D. C. 

Pennsylvanian and Permian Stratigraphy of Northern New Mexico 

This paper deals with the Pennsylvanian and Permian rocks exposed in the north- 
ern half of New Mexico. The Pennsylvanian consists of marine arkoses, shales, and 
limestones with interbedded continental clastics, including some coal. The Permian con- 
sists mainly of redbeds, arkoses, evaporites, and thick, light-colored, cross-bedded sand- 
stones with local marine clastics and limestones in the lower part. A profound uncon- 
formity separates these rocks from the underlying granites and metamorphics of sup- 
posed pre-Cambrian age. Lithologic variations reflect the pre-Pennsylvanian physiog- 
raphy and the changing distribution of land and sea during the periods of deposition. 
All of the main units, except a basal limestone, contain fossil plants, fusulinids, and 
metazoans that provide evidence for detailed correlations. The earliest sedimentary 
formation in the areas of outcrop is a local massive limestone whose age is uncertain 
because it is barren of fossils excepting very rare, small crinoid columnals. It seems to be 
nearly conformable with the early Pennsylvanian rocks and is tentatively included as a 
formation with them, though it may be Mississippian or even earlier in age. Above 
this are rocks of Morrow, Des Moines, and upper Pennsylvanian age, though a complete 
succession is not present everywhere. The Morrow and lower Des Moines rocks com- 
monly consist mainly of clastics and include some coal. The remainder of the Des 
Moines is dominantly calcareous and contains many horizons of Wedekindellina and 
Fusulina. The upper Pennsylvanian is represented by both marine and continental 
rocks and locally contains abundant Triticites. 

The Wolfcamp equivalent is composed of marine and continental rocks, the latter 
continuing upward into possible Leonard equivalents. Above these are light-colored, 
tangentially cross-bedded sandstones, thin limestones, and evaporate-bearing redbeds 
of possible Leonard and Whitehorse age. Upper Triassic sandstones commonly overlie 
the last named. 

Work in eastern Arizona has indicated a need for revision of the Arizona-New 
Mexico Permian correlations. The top of the Permian in the Colorado Plateau, the 
Kaibab limestone, is apparently the equivalent of the San Andres formation. Careful 
tracing eastward from the DeChelly upwarp indicates a continuation of the DeChelly 
sandstone or an upper tongue of the Coconino sandstone into the Glorieta sandstone and 
the Yeso formation of New Mexico. The Abo sandstone of some parts of New Mexico 
rand be correlated with the lower Coconino as well as with the Hermit shale and Supai 

ormation. 


50. LAURENCE L, Stoss, Montana School of Mines, Butte, Montana 

EuGENE S. Perry, Montana School of Mines, Butte, Montana 

BP Snowy Group: Subsurface Extent and Character in the Northwest Great 

ains 

The Big Snowy group, as defined by Scott, consists of an upper and middle Mis- 
sissippian series of shales, limestones, and sandstones with some evaporites. Recently 
drilled deep wells and new interpretations of older wells in eastern Montana and the 
Dakotas yield information which makes possible further considerations on the eastward 
extension of Big Snowy sediments. 

An isopach map of the group indicates that an east-west depositional basin in Mon- 
tana fingered over the northern portion of a widespread area of lower Mississippian 
(Madison) deposition. South of a narrow peninsula which occupied the approximate 
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position of the Montana-Wyoming state line, a more restricted basin was the site of 
nearly simultaneous deposition of the Sacajawea formation of Wyoming. 

Sediments of the Big Snowy group in eastern Montana differ from those of the type 
(surface) section in the diminution of coarse sandstone and green shale and the notable 
increase in red shale and anhydrite. The ease of divisibility of the Big Snowy group into 
its component formations rapidly decreases eastward, and, moreover, there appears to 
be a gradational transition from Madison into Big Snowy deposition in contrast to the 
presence of a hiatus between the two groups in central Montana. 


51. W. Norvat BALLarD, Consulting Geologist, Oklahoma City, Oklahoma 

Notes on the Structural History and Oil Possibilities of the Dakota Basin 

This article contains a structure map contoured on the top of the Dakota sand- 
stone. The periods of tilting and folding are discussed along with the evidence for these 
structural deformations. Three cross sections are included to explain the structure and 
geologic history. Paleogeologic maps for the pre-Cretaceous and pre-Pennsylvanian 
surfaces are shown. The possible oil- and gas-producing zones of the Dakotas are dis- 
cussed and compared with sands that are producing oil or gas in the surrounding states. 


52. Paut H. Price, West Virginia Geological Survey, Morgantown, West Virginia 

A. J. W. HEADLEE, West Virginia Geological Survey, Morgantown, West Virginia 

Natural Coal Gas in West Virginia 

A quantity of methane approximately equal to the state’s production of natural 
gas escapes to the air from West Virginia coal mines. It is very important that a tech- 
nology of production of this gas be developed. 

Natural coal gas occurs sorbed in the coal except where there are feeders, squeezes 
and drainage belts due to mining operations. The gas consists of go per cent methane, 
most of the remainder being nitrogen and carbon dioxide. 

Methane was produced by biochemical processes during coal formation. In some 
instances, a considerable quantity of methane is now being formed by bacterial action in 
mine waters. 

53. RoBeRT C. Larrerty, The Owens, Libbey-Owens Gas Department, Charleston, 
West Virginia 

Ratpu N. Tuomas, Inland Gas Corporation, Ashland, Kentucky 

“Corniferous” in Eastern Kentucky and Western West Virginia 

In this paper the limestones of Devonian and Silurian ages, occupying a strati- 
graphic position between the Devonian Shales above and the Silurian Shales below, are 
considered the “Corniferous.”” Three more or less persistent zones of porosity are recog- 
nized in these rocks. 

With the increasing demand for natural gas in the eastern industrial area and the 
rapid drilling of the shale-gas territory, interest in the producing possibilities of the 
“Corniferous” has once more been revived. 

Localized thinning over known fields in the regionally converging “Corniferous” 
suggests that production is controlled by porous zones of shoreline deposition, and un- 
conformities, that are the result of movements and oscillation of shallow seas on the 
epi-continental shelf during deposition of the sediments. 


54. F. B. PLummer, University of Texas, Austin, Texas 

Contributions of Petroleum Engineering Research to the Problem of the Migration and 

Accumulation of Oil 

The anticlincal theory of the origin of oil pools has dominated petroleum geology 
since first mentioned by T. Sterry Hunt in 1860. In spite of the importance and wide 
acceptance of this theory, the exact mode of oil migration and its accumulation to pro- 
duce an oil pool is still a controversial problem and one concerning which quite diver- 
gent views are held by geologists at present. Recent investigations by chemical and 
petroleum engineers on the flow of fluids, fluid mixtures, and gas through sands have 
contributed some data toward the solution of this important. In this paper some of the 
results of recent work is reviewed briefly, and their application to the explanation of 
the migration of hydrocarbons through water-bearing sands is pointed out. 
55. URBAN B. Hucues, Consulting Geologist, Jackson, Mississippi 

Developments in Southeastern United States in 1941 

Outstanding development trends in the Southeastern United States during 1941 
were the following. 
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1. A decided decrease in wildcat activity with only approximately one half the 
number of wells completed as during 1940. 

2. The continuation of a curtailed geophysical program comparable to the last 

months of 1940 with a slight upturn toward the end of the year. 

3. The inception of core drilling programs by eight major companies with more 

emphasis placed on this type of explorarion, as well as on surface geology. 
4. Acontinuation of the leasing program in south Mississippi and its extension into 
Alabama and Florida. 

5. The review and revision of geological and geophysical data with an attempt to 
eliminate the sources of error as revealed by negative results of exploration in 
1940. 

There were several additional events of importance in the area. Development in the 
Tinsley field seemingly outlined the limits of production from the shallow sands. A 
new sand, the McGraw, was discovered on the north edge of the field in the basal part 
of the Eutaw formation. 

Two new fields were discovered in Mississippi, the Sharpsburg field in T. 11 N., 
R. 3 E., Madison County, and the Cary field in T. 11 N., R. 7 W., Sharkey County. 
The Sharpsburg field, which may be an extension of the near-by Pickens field, was dis- 
covered by C. L. Morgan’s Johnny No. 1 in Sec. 4, T. 11 N., R. 3 E. The producing 
sand is known as the Wilburn sand and is the first sand in the Eutaw formation. The 
Cary field was opened by the British-American Oil Co. Houston No. 1 and the pro- 
duction is from Selma gas rock of Navarro age. Neither area has had sufficient explora- 
tion to evaluate its future. 

Of geological importance was the limiting of the Mississippi salt basin on its north- 
east side by the Union Producing Co. Waite No. 1 in Clarke County, Alabama, and 
the Magnolia Petroleum Co. Culpepper No. 1 in Lauderdale County, Mississippi. The 
Union Producing well drilled to a total depth of 12,399 feet and near the bottom pene- 
trated formations which are correlated with the Buckner, Smackover, and Eagle Mills 
formations of Louisiana and Arkansas. In the Eagle Mills formation, interbedded shale 
and salt was cored suggesting proximity to the edge of the salt deposit. The Magnolia 
well in Lauderdale County encountered rocks of Paleozoic age at a depth of 6,060 feet 
so that the limit of the salt deposit is between these two wells. Of first importance geo- 
logically is the presence of the Smackover limestone indicating its presence across the 
Mississippi basin into Alabama. This suggests the possibility of production in porous 
horizons comparable to producing areas in Arkansas and Louisiana. 

In Alabama and Florida there was extensive geophysical and leasing activity. In 
the latter state many of the large tracts were taken under geophysical option or other- 
wise leased. The same was true of southern Alabama and to a less degree, southern 
Mississippi. Nothing of importance occurred in Georgia. 

Two new salt domes were discovered in Mississippi. Kings dome was found by the 
Magnolia Petroleum Co. Hall No. 1 in T. 7 N., R. 4 E., Warren County. The Halifax 
dome was discovered by the Plains Producing Co. in T. 7 N., R. 4 W., Hinds County. 

The Magnolia Petroleum Co. Hall No. 1 encountered a saturated section in the top 
of the Wilcox formation. A test resulted in showing the presence of low-gravity asphaltic 
oil and water. Although this had no commercial value, the presence of oil in the top of 
the Wilcox formation was indicative of its productive possibilities elsewhere. 


56. BERNERD A. Ray, Tide Water Associated Oil Company, Midland, Texas 
Witt1am T. ScHNEIDER, Honolulu Oil Corporation, Midland, Texas 
CHARLES TAyLor Cote, University Lands, Midland, Texas 
Epcar Kraus, The Atlantic Refining Company, Carlsbad, New Mexico 
Ronatp K. DEForp, Argo Oil Corporation, Midland, Texas 
West Texas and Southeastern New Mexico Development in 1941 


Development in West Texas was greater than in any year since 1937. A total of 
2,325 wells were drilled, including those deepened and recompleted. Of these 2,190 or 
94 per cent were producers. The most active field was the Slaughter field which ac- 
counted for, 678 wells or more than } of the producers drilled. A total of 135 wildcat 
wells (i.e., wells over one mile from production) were drilled, of which 27 were producers 
and 108 were dry holes. Nine of the wildcat wells established new areas of production; 
the remainder were produced from new levels in established areas or were considered 
extensions. Fifteen of the wildcats were completed from the various known Permian 
levels while two new levels, both in the lower Permian, were disclosed. Permian ex- 
ploration was scattered over 43 counties and was more inclusive in the number of zones 
tested than in previous years. 
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Especially did pre-Permian drilling and exploration exceed that of past years. 
A total of 106 pre-Permian wells were completed. Of this number, 21 were dry, 6 were 
plugged back to the Permian for producers, and one was a temporarily abandoned gas 
well. This gives a percentage of dry holes of 15 per cent. Twenty-five of the pre-Permian 
tests could be considered wildcats and of these 10. were successfully completed as pro- 
ducers. The center of activity was in the Abell field in north-central Pecos County. 
Here 56 wells were completed, including 6 wildcat producers, 1 dry hole, 6 wells which 
were plugged back to the newly discovered Permian zones, and the 1 temporarily 
abandoned gas well. 

A definite trend toward deeper drilling has been accelerated by new discoveries in 
the lower Permian (Leonard), lower Pennsylvanian (“Crinoidal’’), and Ordovician, and 
Cambrian (Simpson and Ellenburger) formations. 

There was a decline of 31.5 per cent in the number of wells drilled in southeastern 
New Mexico in 1941. A total of 371 wells were drilled, of which 294 were oil wells, 7 gas 
wells, and 70 dry holes—the highest percentage of dry holes in the past several years. 
There were four new discoveries for the year. The most active area was the Maljamar 
pool, where 61 wells were completed including 3 which were dry. The producing forma- 
tions of the 1941 discoveries are the Yates, Seven Rivers, and Grayburg. 

Geophysical activity has been conducted mainly with gravimeter and magne- 
tometer. 


57. R. M. Encusu, Carter Oil Company, Eldorado, Illinois 

R. M. Grocay, Illinois State Geological Survey, Urbana, Illinois 

The Omaha Pool, Gallatin County, Illinois 

The Omaha pool was discovered in November, 1940, by The Carter Oil Company’s 
York No. 1, SE.-SE.-SW. Sec. 33, T. 7 S., R. 8 E., Gallatin County, Illinois. The pro- 
ducing area is now defined and extends over 360 acres located generally southwest of 
the discovery well. Production is from the Palestine and Tar Springs formations of the 
Chester series. 

The pool lies on the crest of a large dome, and is exceptional in that igneous rock is 
found in intrusive contact with the producing sands. Sills and low-angle dikes from less 
than one foot to fifty feet in thickness composed of porphyritic lamprophyric rock rich 
in biotite and olivine occur at many levels in the Pennsylvanian and Chester series. 

Contact effects indicate that at least some of the oil was in the sands prior to in- 
trusion of the igneous material, suggesting a structure predating the intrusion. Pro- 
nounced doming of the structure probably accompanied intrusion. Earlier minor folding 
occurred at the close of the Mississippian. 


58. WiLLarD D. Pye, University of Chicago, Chicago, Illinois 

The Physical Properties of the Bethel Sandstone of South-Central Illinois 

For the past 10 months the writer has been engaged in making a detailed study of 
the physical properties of the Bethel sandstone as they are revealed in cores from wells 
drilled in south-central Illinois. The investigation has been undertaken in cooperation 
with the Illinois State Geological Survey. 

The Bethel sandstone is found to be very uniform in all of its physical properties 
both vertically and laterally although some gradations exist. The study has revealed 
that most of the sand has come from older sediments. Most of it has undergone at least 
one earlier period of deposition under conditions in which the cement was silica and 
some has undergone at least three cycles of erosion. Some of the sand has been derived 
from redbeds and the grains are frosted. The original source of the sand was in part 
from dynamically metamorphosed rocks and in part from regionally or thermally meta- 
morphosed rocks. A large part originally came from igneous rocks, probably granites 
since the associated feldspar is acidic. 

Heavy minerals are very rare but those found constitute about thirty species. 
A number of varieties of tourmaline and zircon are distinguished. Ten varieties of 
quartz are found which are readily distinguishable and it is proposed that more data 
can be derived concerning the origin and history of a given deposit by a detailed study 
of quartz and its varieties and inclusions, than from heavy-mineral studies and without 
the laborious procedure of making heavy-mineral concentrates. 

A detailed discussion of the inter-relations of the physical properties of the sand, 
together with an analysis of the effect of these upon the porosity and permeability of 
the Bethel, is given. This together with certain detailed information concerning the 
pores and pore pattern, the relationship of the silica and carbonate periods of cementa- 
tion, and soluble minerals are discussed in the relationship they have upon securing 
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greater primary and secondary recovery of oil. The information cementation yields 
concerning the periods of folding and oil accumulation is brought out. 

In conclusion, the physical properties of the Bethel sandstone are compared with 
other sands of the Chester series, and insofar as possible the detailed data from the 
Bethel is applied to the other sand zones. The paleogeography and source of sediments 
are likewise discussed. 


59. R. P. Grant, Department of Conservation, State of Michigan, Lansing, Michigan 

Oil and Gas Developments in Michigan During 1941 

During 1941 the “Basin” was the most active district in Michigan due chiefly to 
development in the Reed City, Detroit River (Devonian) field in stern Osceola 
County, the Headquarters Traverse (Devonian) field in southern Ros .ommon County, 
and extensive development of Michigan “Stray” (“‘Mississippian’”’) gas fields in Osceola, 
Missaukee, and Clare counties. 

Ten new oil fields and extensions and six new gas fields were discovered during the 
year, with the “Basin” taking the limelight insofar as new developments were con- 
cerned. The most important oil strike in southwestern Michigan was the West Hopkins 
Traverse (Devonian) field in Allegan County. Actual oil production dropped approxi- 
mately 17 per cent below 1940. 

More gas wells were drilled in 1941 than in any year since 1936. Actual gas pro- 
duction reached an all time high with 6 per cent increase over 1940. The Gulf Oil Com- 
pany’s Bateson No. 1 in the Kawkawlin field in Bay County was drilled to a depth of 
10,445 feet into the St. Peter (Ordovician) sandstone, but was plugged back to 7,800 feet 
and kept as a condensate well. Late in December a gas well was discovered in Calhoun 
County in the Traverse (Devonian) limestone, opening an entirely new area to develop- 
ment. 
The Panhandle and Eastern Pipeline Company began construction of a gas trans- 
mission line approximately 250 miles long. The line will run from the Michigan Gas 
transmission line in the southeastern corner of Lenawee County northward to Pleasant 
Lake in Washtenaw County. One branch will be laid west to Kalamazoo, the other will 
extend north to Flint and Saginaw. Construction started at Saginaw and the line is 
expected to be completed during 1942. 

Geophysical prospecting and core testing were carried on at a brisk rate particu- 
larly in the northern and south-central parts of the Southern Peninsula. 


60. ALFRED H. BELL, Illinois State Geological Survey, Urbana, Illinois 

Development in the Eastern Interior Basin in 1941 

More wells were drilled in 1941 in Illinois and southwestern Indiana than in any 
previous year except 1907 when drilling reached a peak in that area. Drilling declined 
in western Kentucky, making the total number of completions in the Eastern Interior 
basin in 1941 slightly less than in 1940. Much of the 1941 drilling (both pool and wild- 
cat) was concentrated in the deep basin area in the region of the lower Wabash River 
in Illinois and Indiana where 44 new pools and 43 extensions were discovered. None of 
the new pools was of major size and the total output of new wells in the whole area 
failed to offset the decline of the older wells. Total production from the Eastern Interior 
basin in 1941 is estimated at 145,603,000 barrels as compared with 154,796,000 barrels 
in 1940, a decline of 6 per cent. Percentage of the national total was 10.3 in 1941 as 
compared with 11.5 in 1940. 

Rocks of the Mississippian system continue to yield most of the oil in the area— 
g1.5 per cent of the Illinois total of 133,750,000 barrels in 1941. No new Devonian pro- 
duction was discovered in Illinois in 1941 and the Devonian wells, which yielded an 
estimated 26 per cent of the Illinois total in 1940, produced only 6 per cent of the total 
in 1941. Pennsylvanian and Ordovician strata yielded estimated amounts of 1.7 and 
0.9 per cent, respectively. Geologic studies indicate that lenticular sand conditions are 
important in controlling the occurrence of the oil. 


61. GEORGE V. CoHEE, Illinois State Geological Survey, Urbana, Illinois 
Lateral Variation in the Chester Sandstones Producing Oil and Gas in the Lower 
Wabash River Area 
Oil and gas production in the Wabash River Valley in southeastern Illinois and 
southwestern Indiana is from lower Pennsylvanian and Chester sandstones and the 
McClosky limestone of the Ste. Genevieve formation. The principal fields in the area 
are New Harmony Consolidated and Keensburg Consolidated. These fields include an 
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almost continuous producing area from Keensburg, Wabash County, at the north, to 
a point 3} miles southeast of Phillipstown, White County. This single area is approxi- 
mately 18 miles long and varies in width from 3 mile to more than 2 miles at its widest 
point in White County. As of January 1, 1942, there were almost 1,000 producing wells 
in the two fields and the productive area proved by drilling was 7,238 acres. 

All of the eight Chester sandstone formations and additional sandstone beds in 
other Chester formations were found productive in one place or another throughout the 
area. Considerable lateral variation in thickness and character of the “sands” was indi- 
cated by drilling. In many cases it was so great that it made the development of a par- 
ticular sandstone uncertain from well to well. The lenticular character of producing 
“sands” resulted in irregular producing areas. The producing areas of the different 
“sands” may or may not be directly over or under each other. Many wells in the area 
are producing from more than one “sand.” 

Distribution of productive areas depends more on sand characteristics than struc- 
ture in the lower Wabash River area. 


62. JED B. Maestus, Gulf Refining Company, Saginaw, Michigan 
The Results of the Drilling of a Deep Test near Bay City, Michigan 
The Gulf’s Bateson No. 1 is located approximately 3 miles northwest of Bay City, 


Michigan, in CS/2-SE.-SE. Sec. 2, T. 14 N., R. 4 E. It was completed at a total depth 


of 10,447 feet in the St. Peter sandstone. This is the first well that has penetrated rocks 
of Silurian and Ordovician age near the center of the Michigan structural basin. The 
stratigraphy of the formations drilled are described, and correlations are made with 
other deep wells in the state. Gas was encountered in a dolomitic member near the base 
of the Salina formation. At this point the well blew out and caught fire, destroying the 
drilling equipment. An exceptional occurrence of gas, as inclusions in the Salina salt 
above the producing zone, caused blow-outs and presented many drilling-mud prob- 
lems. No showings of oil or gas were encountered below the Salina gas zone. 


63. L. E. WorkMAN, Illinois State Geological Survey, Urbana, Illinois 

Tracy GILLETTE, Illinois State Geological Survey, Urbana, Illinois 

Subsurface Stratigraphy of the Kinderhook-New Albany Strata in Illinois 

This paper summarizes the subsurface occurrence of the Kinderhook-New Albany 
— in Illinois and shows the relationships of the formations and facies from place 
to place. 

A zone of relatively thinner strata extending northeasterly from the Ozark uplift 
divides the region into two sedimentary provinces. Southeast of this zone the succession 
is predominantly hard, black New Albany shale capped by the Rockford limestone. 
Its thickness increases southeasterly to a maximum in Gallatin and Hardin counties. 
Along the zone of relatively thinner strata the black shale is overlain by gray and 
greenish shales and siltstones in turn overlain by the Rockford limestone. In a limited 
area northwest of the zone, as far as Calhoun, Green, Macoupin, and Montgomery 
counties, the upward succession is the black Grassy Creek shale, the Louisiana lime- 
stone, the blue Maple Mill shale and siltstone, and the Chouteau limestone. The Chou- 
teau limestone is shown to be the westerly equivalent of the Rockford limestone. 

Farther northwest, as far as the Kinderhook occurs in Illinois, the black shale grades 
upward through grayish brown into gray and blue shales, succeeded by the English 
River siltstone, the McCraney limestone, and the Prospect Hill siltstone. The total 
thickness of these strata reaches a maximum in Hancock County. 

There is an erosional unconformity between the Kinderhook and overlying Osage 
group. 

A number of cross sections and isopach maps illustrate correlations and changes in 
thicknesses and facies of the strata throughout their subsurface occurrence in Illinois. 


64. EvcENE L. Eart, Fohs Oil Company, Houston, Texas 

FREDERICK W. MUELLER, Skelly Oil Company, Houston, Texas 

The Sam Fordyce Field, Hidalgo and Starr Counties, Texas 

The Sam Fordyce oil and gas field is located in southwest Hidalgo and southeast 
Starr counties, Texas. 

Magnetometer work in 1929 first indicated structure in the area; however, the first 
well drilled on the anomaly in 1932 was completed as a dry hole. 

The discovery well of the field, which was drilled in September, 1932, by King- 
Woods Oil Company, was completed from a sand in the basal Frio formation of middle 
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Oligocene age. Subsequent development has proved the accumulation of oil and gas 
in other sands of the same formation. 

The reservoir is a faulted anticline whose major axis trends northwest-southeast 
along regional strike. Closure against a major fault on the updip side of the structure 
accounts for the oil and gas accumulation. The fault has a maximum throw of 880 feet 
on top of the Sam Fordyce sand, and 260 feet of producing closure. 

Geologically the Sam F ordyce structure is an outstanding example of differential 
sedimentation during the time of fault movement. A gradual downwarping movement 
Northeast into the Rio Grande Embayment is responsible for thicker sediments which 
are found on the downthrown side of the major fault. 

The productive area of the field embraces 2,000 acres, of which goo acres are within 
the oil productive zone of the Sam Fordyce sand, 260 acres in the Wheeler sand, and 
215 acres in the Barlow sand. 


5. J. G. Crawrorp, U. S. Geological Survey, Casper, Wyoming 

Oil-Field Waters ‘of the Rocky Mountain Area 

Relationship of Water to the Accumulation of Oil and Gas in the Rocky Mountain 
Region 


66. N. W. Bass, U. S. Geological Survey, Washington, D. C. 

Haroip M. Situ, U. S. Bureau of Mines, Bartlesville, Oklahoma 

Geologic Relationship of Crude Oil in the Tow Creek, Wilson Creek, Iles, and Moffat 

Fields, Colorado 

A comparison of the composition of crude oils from six zones ranging in age from 
Jurassic to Cretaceous in the Tow Creek, Wilson Creek, Iles, and Moffat fields, and oil 
from a seep at Tow Creek, Colorado, shows that, except at Wilson Creek, the oil in each 
pool is unlike the oil in all other pools of these fields, whether at the same or a different 
stratigraphic position. In the Wilson Creek field the oil from the Sundance formation 
is similar to the oil from the overlying Morrison formation. These facts may indicate 
that, except at Wilson Creek, the source of the oil of each pool was local to that pool; or 
the data may indicate that the oil of the several pools was at one time similar and was 
affected differently during the folding and faulting that formed the domes and anti- 
clines. The oil in the Morrison formation at Wilson Creek may have migrated upward 
from the Sundance formation. The oil in the north Tow Creek pool and the oil in the 
seep at Tow Creek may have been altered by an intrusive body that occupies a large 
area in the north part of the Tow Creek anticline. On the other hand, the differences 
between the oils near the intrusive body are no greater than between oils ina region in 
Oklahoma containing no intrusive bodies, which has been investigated recently by the 
research committee of the Tulsa Geological Society. 


67. KENNETH G. BRILL, JR., University of Chattanooga, Chattanooga, Tennessee 
Late Paleozoic Stratigraphy of the Gore Area, Colorado 


The area is located in Kagle and Summit counties in west-central Colorado. Two 
new late-Paleozoic formational names are proposed. In the area the name Battle 
Mountain formation is given for the clastics which were originally assigned to the Weber 
shale, Weber grit, and Maroon formation. The Belden shale member of this same forma- 
tion is proposed to include the lower dark shale originally called the Weber shale. Much 
of the Battle Mountain formation is found to be of Des Moines age. The name State 
Bridge formation (of Donner) is applied to the red siltstones and shales which lie be- 
tween the Battle Mountain formation and the Triassic sediments. These beds may be 
either Pennsylvanian or Permian in age. At least a part of the gypsum of the Eagle 
Basin is shown to belong in the Des Moines series. 


68. Horace D. Tuomas, University of Wyoming, Laramie, Wyoming 

Max L. KrvueEcer, Union Oil Company, Los Angeles, California 

Late Paleozoic and Early Mesozoic Stratigraphy of the Uinta Mountains, Utah 

At the western end of the Uinta Mountains Triassic rocks rest unconformably on 
the Permian Park City formation. From the base upward the Triassic formations are 
(1) red Woodside shale, (2) marine Thaynes limestone, and (3) Ankareh redbeds. The 
Ankareh is overlain by the Jurassic Nugget (Navajo) sandstone. The Thaynes tongues 
out eastward, and east of its edge the Woodside and the Ankareh can not be differ- 
entiated. 

At the eastern end of the mountains Woodside redbeds rest on the Pennsylvanian 
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(?) Weber sandstone. The lower part of the Woodside is the equivalent of the upper 
Park City (Phosphoria). The Woodside is cut by an unconformity above which lies a 
conglomerate. The conglomerate has been classed as the basal member of the Ankareh. 
The upper Ankareh consists of variegated shales and varicolored sandstones and is over- 
lain directly by massive Nugget (Navajo) sandstone. 

The erosion surface below the conglomerate, the conglomerate, and the overlying 
variegated beds are readily recognized from one end of the range to the other. At the 
western end the conglomerate and variegated beds were classed as the basal member 
of the Nugget by Boutwell (1912, 1933) and by Mathews (1931). At the eastern end 
these same beds were called Ankareh by Schultz (1920) and by Sears (1925). The con- 
glomerate and variegated beds, therefore, constitute an important un-named lithologic 
unit which lies unconformably above the type Ankareh and below the restricted Nugget 
at the western end of the Uinta Mountains and unconformably above the Woodside 
and below the Nugget at the eastern end of the range. 

The Jurassic formations of the western Uinta Mountains, from base upward are: 
(1) Navajo sandstone (Nugget of earlier reports), (2) Twin Creek limestone, (3) Preuss 
redbeds, (4) Stump sandstone, and (5) Morrison formation. Eastward along the moun- 
tains (1) the Navajo sandstone persists, (2) the Twin Creek limestone intertongues with 
the Carmel redbeds, (3) the Preuss redbeds grade into the cross-bedded Entrada sand- 
stone, (4) the Stump sandstone grades into the Curtis shales and limestones, and (5) the 
Morrison formation thins and becomes less conglomeratic. At the west end of the moun- 
tains Belemnites occur in a sandstone (Stump) in the middle of the thick Beckwith 
formation of earlier reports, within 35 miles of Salt Lake City, and in the Curtis in all 
other sections to the east. At the eastern end of the Uintas the Curtis redbeds tongue out 
so that Navajo is directly overlain by Entrada, forming a single sandstone unit. 

The equivalents of the Navajo, Carmel (Twin Creek), Entrada, and Curtis can be 
recognized in the Sundance formation of eastern Wyoming. 


69. Lewis S. CorYELL, Cities Service Oil Company, Wichita Falls, Texas 
Rosert Rotu, Humble Oil and Refining Company, Wichita Falls, Texas 
Do E. Src, Cities Service Oil Company, Wichita Falls, Texas 
New Developments in North and West-Central Texas in 1941 


During the year 1941, the north and west-central Texas districts developed im- 
portant new production in the following stratigraphic formations. 

Ellenberger dolomite (Cambro-Ordovician), three new discoveries and three found 
by deeper drilling. 

Mississippian limestone, five new discoveries and two by deeper drilling. 

Bend (Pennsylvanian), two new discoveries. 

Caddo (Pennsylvanian), nine new discoveries. 

Strawn (Pennsylvanian), nine new discoveries and three by deeper drilling. 

Canyon (Pennsylvanian), one new discovery and one by deeper drilling. 

Cisco (Pennsylvanian), three new discoveries and two by deeper drilling. 

Wolfcamp (Permian), one new discovery. 

The only new producing zone discovered in the area was the Dothan limestone 
(Permian) in the Merkel pool in Taylor County. To date only one well is producing 
from this zone. 


70. ConsTANTIN N. Apsourt, West Virginia Geological Survey, Morgantown, West 


Virginia 
The So-Called “Chert Nodules’’ of the Oriskany Sandstone and the Problem of Phos- 
phates 


The Oriskany sandstone of New York is known in the central Appalachian region 
as the Ridgeley, overlying a lower member, called the Shriver. The topmost part of the 
Oriskany formation is generally bestrewn by round or elliptical black nodules described 
by modern stratigraphers as “chert nodules.” These “chert nodules” were studied by 
the writer; they are phosphatic, the phosphate occurring in the form of collophane. 
X-ray diffraction pattern of the collophane is essentially the same as that of apatite. 

Phosphates in the Oriskany formation are the result of complex factors prevailing 
in the Oriskany and Onondaga seas. The “chert nodules in the Oriskany” of New York 
were deposited in the westward-transgressing Onondaga sea, hence they occur in basal 
Onondaga. It is improbable that the genesis of phosphatic nodules is due to catastrophic 
events. 
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The Huntersville chert contains phosphatic nodules associated with glauconite and 
is not due to “chertification” of Onondaga shale. 

Phosphate is found in abundance at many places in the Paleozoic column where it 
is certain that there is no unconformity, hence phosphate in itself is not a reliable cri- 
terion of unconformity. Since at some point of the phosphorus cycle there is an intimate 
connection between this element and organic matter, and since it is conceded today that 
oil and gas are derived from organic material, it is highly desirable to establish the exact 
connection existing between phosphates on the one hand and the source material of oil 
and gas on the other. 


71. Ropert C. LAFFERTY ET AL., The Owens, Libbey-Owens Gas Department, Charles- 
ton, West Virginia 
Developments in Appalachian Area During 1941 
NEw York 


In the Oriskany sand area of southern New York, 41 wells were completed during 
1941, 20 as gas wells with a combined open flow of 98,516,000 cu. ft., and 21 as dry 
holes, of which 8 can be considered as wildcat wells. No new producing areas were found 
during the year but the Harvard area in Steuben County was developed from 1 well to 
a pool of 7 wells with a daily open flow of 6,929,000 cu. ft. and 1 dry hole. 

PENNSYLVANIA 

During the year 1941, 17 wells drilled below the Onondaga lime were completed in 
Pennsylvania. Seven of these wells were completed as commercial gas wells in the 
Oriskany sandstone with a combined open flow of 10,750,000 cu. ft., all being located 
in the summit pool, Fayette County. In this pool, 1 well was lost with the tools in the 
hole a few feet below the top of the Oriskany sand. The 8 dry holes were wildcat tests 
in Armstrong, Beaver, Potter, Tioga, Mercer, and Erie counties. Only 1 of these wells 
tested formations below the Oriskany. This well, the Jay Childs, drilled by the Ohio 
Oil Company, was abandoned at a total depth of 5,191 ft. with a showing of oil, gas, 
and water from what is correlated as the St. Peter sand. 

In eastern Ohio, holes drilled to a depth of less than 4,000 feet are generally within 
or in the vicinity of the older Clinton fields of central Ohio. Only those wells more than 
4,000 feet in depth are considered in this review. 

Under the foregoing classification, 136 wells were completed during the past year, 
89 as gas wells in the Clinton (Medina) sand with an initial open flow of 146,000,000 
cu. ft., and 3 as oil wells with an initial production of 37 barrels. Forty-four were dry. 
ra ste 3 tested sub-Trenton strata, 39 were dry in the Clinton, and 2 tested only the 

riskany. 

Gas fields in Muskingum, Stark, and Morgan counties were extended and a new 
field in Salt Creek Township, Muskingum County, was opened as well as a new field 
in Pike Township, Stark County. 

WEsT VIRGINIA 

During the year, 182 wells were drilled to or through the Oriskany sand in West 
Virginia. Of these, 166 were gas wells with a combined open flow of 764,568,000 cu. ft., 
and 16 were dry. 

The Elk-Poca and Sandyville Oriskany gas fields were extended to include 38 
square miles of new territory. Eight of the 16 dry holes were drilled in defining the 
present boundaries of these fields. Two Oriskany wells, located in the southeastern 
portion of the Elk-Poca Oriskany field, were unsuccessfully deepened to the Clinton 
(Medina) sand. 

An Oriskany test located in Randolph County encountered salt water in the 
Oriskany. The Oriskany test in Roane County also encountered salt water. 

The Oriskany test in Monongalia County encountered a showing of gas in the 
Huntersville chert but was dry in the Oriskany. 

The Clinton test in Boone County was dry, as were the tests in Wood and Harrison 
counties. This latter test is the first deep rotary well in the state penetrating to a deph 
of 10,018 feet. 

During the year, the Department of Mines issued 1,087 drilling permits. Of this 
number, 495 were reported as gas wells, 48 as oil wells, 18 as combination oil and gas 
wells, 144 dry holes, 4 cancelled permits, and 369 unreported. During the year 916 
abandonment permits were issued, of which 472 were oil wells. 
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Kentucky (Eastern) 

During the year, 416 wells were drilled: 59 were dry, 254 were gas wells developing 
an open flow of 116,963,000 cu. ft. per day, and 103 were oil developing an initial pro- 
duction of 903 barrels of oil, and 6 pressure wells were completed. 

Production was found in zones ranging from the Salt sand (Pennsylvania) through 
the Sunnybrook (Ordovician). 

Most of the drilling was done in the eastern border state in developing Devonian 
shale gas production and extending existing pools, the Rockhouse pool developed in 
Johnson City from the Big Six (Silurian) sand being the only important new field. 


TENNESSEE (Eastern) 


During the year, 9 wells were completed in the area east of the Cincinnati arch, 
drilling a total of 13,705 feet. None of the wells can be classed as commercial although 
encouraging showings were found. 

In the Cumberland Plateau area, several blocks of leases are still retained by a large 
company. In this area the pre-Mississippian remains essentially unexplored. 


MARYLAND 


One well was completed in the western Panhandle of Maryland. This well, located 
in the highly folded area of Garrett County, was completed at a total depth of 8,165 
feet after encountering a showing of gas and salt water in the Oriskany sand at 8,096 
feet. 
VIRGINIA 


Two wells were completed during the year, 1 in Wise County as a dry hole through 
the Devonian shale at a total depth of 5,348 feet, and 1 in Rockingham County en- 
countering less than 100,000 cu. ft. from the Devonian shale and Oriskany sand at a 
total depth of 2,986 feet. 


72. Harry L. Batpwiy, Jr., Servicio Geologico, Y.P.F., Buenos Aires, Argentina, 
South America 

The Tupungato Oil Field, Province of Mendoza, Argentina 

The Tupungato oil field is situated 50 kilometers south-southwest of the city of 
Mendoza in west-central Argentina, in an area just east of the foothills of the Andes 
Mountains where the principal tectonic features are overthrust faults of late Tertiary 
age. The surface structure, discovered in 1932, is a closed dome with faulted west flank. 
The discovery well was completed in 1934 at a depth of 250 meters, and a total of 17 
shallow wells were drilled to depths averaging 450 meters, most of which produced oil 
associated with strong flows of salt water from fractures in the upper part of the Ter- 
tiary (Pliocene) section. The discovery well of the Victor zone of Upper Triassic age was 
completed in 1938 at a depth of 1,796 meters. By the end of 1941, 23 wells had been 
drilled, of which 20 were producing an average of 8,800 barrels per day. The major 
part of the differences between the structure of the various zones which can be identified 
in well samples is believed by the author to be due to the presence of low-angle thrust 
faults which cause variations in the thickness of the Tertiary section in different parts 
of the field, but this can not be definitely proved. There is some indication of the exist- 
ence of a gentle fold prior to the deposition of the Tertiary. 

The oil occurs in fractures and porosity in the upper part of a thick series of vol- 
canic tuffs, but is believed to be produced almost entirely from the fractures. It is of the 
same type, with a high paraffine content, as that produced from lower stratigraphic 
levels in the other oil fields of northern Mendoza. A well to test these deeper zones is 
pre being drilled. The Yacimientos Petroliferos Fiscales is the only operator in the 

eld. 


73. Donatp J. MacNer11, McColl-Frontenac Oil Company, Limited Calgary, Al- 
berta, Canada 

Stratigraphy and Structure of the Moose Mountain Area, Alberta 

The Moose Mountain area, situated along the front range of the Canadian Rockies; 
32 miles northwest of the Turner Valley oil field, Alberta, has interested oil companies 
for a great many years. Its main feature is a large domal structure, approximately 10 
miles long and 3 miles wide, that has been drilled at three widely separated locations, 
resulting in two producers and a failure. These tests were started only a few hundred 
feet above the Mississippian-Devonian contact. The dry hole was drilled about 2,700 
feet below the top of the Cambrian; the producers are deriving the gas and oil from rocks 
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of Devonian age. There are limestone zones in the lower part of the Devonian that are 
extremely porous where they crop out north and south of the Moose Mountain area; 
but the pore spaces were found to be filled with calcite in beds that were stratigraphi- 
cally equivalent to these zones where they were encountered, structurally high, in the 
McColl-Frontenac Oil Company’s test on the Moose Mountain anticline. 


74. F. B. Ptummer, University of Texas, Austin, Texas 

TApp 

Technique of Testing Large Cores of Oil Sand 

Testing samples of oil sands for determining productivity of oil wells and estimating 
reserves has been described and discussed by many authors. Most articles suggest the 
use of small samples, 2} cm. in diameter. Since texture, porosity, and permeability of 
some rocks, particularly limestones, varies greatly in short distances, very large num- 
bers of small samples are needed to determine even an approximate average permeabil- 
ity and porosity. This paper describes and illustrates apparatus, methods, and tech- 
niques for determining permeability, porosity, and fluid content of large slices of rock 
cores obtained from core drills from 20 to 100 times the size of the ordinary samples. A 
discussion is presented also of the feasibility and advantages of using large core samples 
and the effect of several factors such as minute quantities of connate water, presence 
of traces of emulsions, and presence of certain colloids on results of fluid-flow measure- 
ments in large core samples. 


PALEONTOLOGY AND MINERALOGY DIVISION 


1. H. W. TWENHOFEL, University of Wisconsin, Madison, Wisconsin 
The Rate of Deposition of Sediments: A Major Factor Connected with Alteration of 
Sediments after Deposition 
2. W. C. KrumBErn, University of Chicago, Chicago, Illinois 
Physical and Chemical Changes in Sediments after Deposition 
3. E. C. Dappres, Northwestern University, Chicago, Illinois 
The Effect of Macro-organisms Upon Sediments 
4. CLAUDE E. Zosett, University of California, La Jolla, California 
Bacterial Activity and the Transformation of Marine Sedimentary Materials 
5. M. L. THompson, New Mexico School of Mines, Socorro, New Mexico 
“ Stratigraphy and Fusulinid Faunas of the Marine Permian Wolfcamp in New 
exico 
6. F. B. Prummer, University of Texas, Austin, Texas 
Stratigraphy of the Marble Falls Formation in Central Texas 
7. Louis R. Witson, Louisiana State University, Baton Rouge, Louisiana 
Vicksburg Enoplostomellas 
8. Epwarp Monsovr, Louisiana State University, Baton Rouge, Louisiana 
Fossil Corals of the Genus Turbinolia from the Gulf Coast 
9. Benjamin A. Tator, School of Geology, Baton Rouge, Louisiana 
Smaller Miocene Mollusca 
10. Husert G. ScHENCK, Stanford University, Palo Alto, California 
Braprorp C, Apams, The Texas Company, Los Angeles, California 
Operations of Commercial Micropaleontologic Laboratories 
11. Lors T. Martin, Stanford University, Palo Alto, California 
Eocene Foraminifera from the Type Lodo Formation, Fresno County, California 
12. R. HENDEE SmitH, Louisiana State University, Baton Rouge, Louisiana 
New Species of Discocyclina (Aktenocyclina) from Alabama and Texas 
13. R. Stantey Beck, Richfield Oil Corporation, Bakersfield, California 
Eocene Foraminifera from Cowlitz River, Lewis County, Washington 
14. Hans E. THALMANN, Stanford University, Palo Alto, California 
The Genus Hantkenina and Its Subgenera 
15. R. Wricut BARKER, Shell Oil Company, Houston, Texas 
Notes on Some Larger Foraminifera from the Lower Cretaceous of Texas 
16. L. C. Aycock, Louisiana State University, Baton Rouge, Louisiana 
Caddell Eocene Operculinoides (By permission of Phillips Petroleum Company) 
17. WILLARD D. Pye, University of Chicago, Chicago, Illinois 
Rapid Methods of Making Sedimentological Studies of Sands, Especially as A pplied to 
Cores 
18. E. B. Branson, University of Missouri, Columbia, Missouri 


; 

i 

4 

{ 

4 

| 

4 

| 


19. 


20. 


2I. 


22. 


N 
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Teaching a Combination of Stratigraphy and Sedimentation in the University of 
Missouri 

Hans E. THALMANN, Stanford University, Palo Alto, California 

The Genus Globotruncana and Its Species 

E. B. Branson, University of Missouri, Columbia, Missouri 

M. G. MEnut, University of Missouri, Columbia, Missouri 

The A pplication of Conodont Studies to Rocky Mountain Stratigraphy 

E. H. Ratnwater, Houston, Texas 

Notes on the Midway (Lower Eocene) in East-Central Mississippi 

KENNETH P. McLAuGHLIN, 

Paleontology of the Fountain Formation of Colorado 

FrANnK‘E. Lozo, Jr., Texas Christian University, Fort Worth, Texas 

Micropaleontological Analysis of the Fredericksburg-W ashita Contact in North-Central 
Texas 


SOCIETY OF EXPLORATION GEOPHYSICISTS 


. B. G. Swan, Continental Oil Company, Ponca City, Oklahoma 


Areal Distribution of Velocities in the Texas Gulf Coast 


. L. E. Deacon, Shell Oil Company 


An Analysis of Abnormal Reflections 


.-C. A. Swartz, Gulf Research & Development Company 


Seismograph Evidence Regarding the Depth of the Salt in the Salt Dome Province of 
Southern Mississippi 


. J. A. Grin, National Geophysical Company 


Lorenz SHock, National Geophysical Company 

E. D. Atcock, National Geophysical Company 

An A pplication of Seismic Surveying to the Location of Bauxite in Arkansas 
M. B. Dosrin, Gulf Research & Development Company 

An Analytical Method of Making Weathering Corrections 


. JosepH A. SHARPE, Joint Geophysical Laboratory of Stanolind Oil and Gas Com- 


pany and Western Geophysical Company, Tulsa, Oklahoma 
The Effect of Charge Size on Reflection Records 


. KENNETH H. Waters, National Geophysical Company 


R. D. ARNETT, National Geophysical Company 
Some Aspects of Seismic Curved Path Computations 


. C. Hewitt Drx, United Geophysical Company 


Dip Computations Below Unconformities 


. E. E. Rosarre, Subterrex, Houston, Texas 


L. Horvitz, Subterrex, Houston, Texas 
The Sedimentary Hydrocarbon Survey of the Washburn Ranch Oil Field, La Salle 
County, Texas 


. E. V. McCottvum, Mott-Smith Corporation, Houston, Texas 


Gravity Expression of the Hatchetigbee Anticline 


. D. C. Skeets, Standard Oil Company of New Jersey, New York, New York 


The Value of Quantitative Interpretation of Gravity Data 

L. L. NetrLeTon, Gulf Research & Development Company, Pittsburgh, Pennsyl- 
vania 

Magnetic and Gravity Calculations 

A. J. F. Stecert, The Texas Company, Houston, Texas 

An Instrument for the Computation of Gravity Anomalies 


. Vircir Barnes, Bureau of Economic Geology, Austin, Texas 


FREDERIC ROMBERG, LaCoste and Romberg, Austin, Texas 
Gravitational and Magnetic Anomalies Over a Body of Magnetite 


. C. A. Hermann, Colorado School of Mines, Golden, Colorado 


A Rapid Method for Measuring the Profile Components of Horizontal and Vertical 
Gravity Gradients 


. Dart WANTLAND, Colorado School of Mines, Golden, Colorado 


Magnetic Interpretation 
C. M. Encranp, Geophysical Research Corporation, Tulsa, Oklahoma 
A Resistivity Survey of the Monument Oil Field 


. DANIEL SILVERMAN, Joint Geophysical Laboratory of the Stanolind Oil and Gas 


Company and Western Geophysical Company, Tulsa, Oklahoma 
Davin SHEFFET, Naval Ordnance Laboratory, Washington, D. C. 
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Note on the Transmission of Radio Waves Through the Earth 
19. ALFRED Wotr, Geophysical Research Corporation, Tulsa, Oklahoma 
The Im pedance of a Grounded Wire 
20. THomas S. WEST 
CLARENCE C, BEACHAM 
Precise Measurement of the Electrical Resistivity Anomaly Resulting from Oil or Gas 


Saturation 
21. J. H. Jones, Anglo-Iranian Oil Company 
A Proposed Method of Measuring the Derivatives of the Earth’s Magnetic Field 


MINUTES, TWENTY-SEVENTH ANNUAL BUSINESS MEETING 
COSMOPOLITAN HOTEL, DENVER, COLORADO 
APRIL 22-24, 1942 


Epcar W. presiding 


The meeting was called to order at 1:30 P.M., April 22, 1942, by Edgar W. 
Owen, president. 

1. Ballot committee-——The president appointed a ballot committee, com- 
posed of M. G. Cheney, Paul H. Price, and R. K. DeFord, chairman. 

2. Resolutions committee—The president appointed a resolutions com- 
mittee composed of George S. Buchanan, R. C. Moore, and Charles E. 
Decker, chairman. 

3. Nomination of officers —The president called for nomination of officers 
of the Association for the ensuing year. The following nominations were made. 

For president: Fritz L. AURIN, nominated by Alex W. McCoy 

For vice-president: PAUL WEAVER, nominated by W. B. Wilson 

For secretary-treasurer: EDMOND O. MARKHAM, nominated by Ira H. Cram 

For editor: W. A. VER WIEBE, nominated by C. E. Dobbin 

The meeting recessed until 1:30 P.m., April 24. 

The recessed meeting was called to order at 1:30 P.M., April 24, by Edgar 
W. Owen, presiding, and E. O. Markham, acting as secretary. 

4. Reading of minutes——It was moved, seconded, and carried that the 
minutes of the annual meeting held at Houston, Texas, April 2-4, 1941, be 
not read since they have been published in the Bulletin. 

5. Election of officers. -It was moved, seconded, and carried that the 
unanimous election of the following officers be recorded. 

President: Frirz L. AURIN 

Vice-president: PAUL WEAVER 

Secretary-treasurer: EpMoND O. MARKHAM 

Editor: W. A. VER WIEBE 

6. Report of officers —The reports of president Owen, secretary-treasurer 
Markham, and editor Ver Wiebe were read (Exhibits I, II, and ITI). 

7. Report of resolutions committee—The report of the resolutions com- 
mittee was read by R. C. Moore (Exhibit IV). 

8. Report of business committee-——The report of the business committee 
was read by A. R. Denison. It was moved, seconded, and carried that the re- 
port be adopted (Exhibit V). 

9. It was moved, seconded, and carried that the president of this Associa- 
tion be instructed to send telegrams to each of the following: Honorable 
Harold L. Ickes, petroleum coérdinator; Brigadier-General Walter B. Pyron, 
liaison agent between War Department and Office of Petroleum Coérdinator; 
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W. R. Boyd, Jr., chairman, Petroleum Industry War Council, stating that in 
addition to the many concrete accomplishments at this meeting in relation to 
the war effort, the following resolution was passed: 

“That the American Association of Petroleum Geologists, through its 
president and the national service committee, codperate fully with the war 
effort of our country, especially in the maintenance of adequate petroleum 
reserves and in the placement of technically trained personnel so as to best 
serve the requirements of the armed forces, governmental agencies, and vari- 
ous branches of essential industry.” 

[The following committee reports appear as exhibits as part of the minutes. 

VI. National service, Fritz L. Aurin, chairman. 
VII. Distinguished speakers for affiliated societies, John L. Ferguson. 
VIII. College curricula in geology, F. H. Lahee, chairman. 
IX. Research, A. I. Levorsen, chairman. 
X. National Research Council Division of Geology and Geography, A. I. Levorsen, 
representative. 
XI. Geologic names and correlations, J. G. Bartram, chairman. 
XII. Applications of geology, Paul Weaver, chairman. 
XIII. Publication, R. E. Rettger, chairman.] 
1o. The twenty-seventh annual meeting adjourned at 2:30 P.M. 


Epcar W. OwENn, president Epmonp O. MARKHAM, secretary 


ExuIBiT I. REPORT OF PRESIDENT 
(Year ending April 24, 1942) 


The Association enters the war period in excellent condition to be of serv- 
ice to its members and the nation. As will be noted in the report of the sec- 
retary-treasurer, our membership is the largest in our history. An analysis 
of the returns from our questionnaire indicates that our members are actively 
engaged in a wide diversity of useful work and possess high qualifications of 
character, training, and experience, which should serve as a solid foundation 
for admirable accomplishment in the emergency. Financially, the position 
of the Association is enviable. We have continued to live within our income, 
although the last volume of the Bulletin was the largest ever published and 
our contributions to important research and other correlated activities have 
been increased. Our surplus now exceeds $100,000 and serves as a comfortable 
backlog which should insure the continuation of our essential work during 
the strenuous years ahead, in spite of the increased costs and decreased 
revenues which must be expected. 

All of the customary activities of the Association which were instituted 
by previous administrations have been continued without radical alteration. 
Outstanding have been the distinguished work of the research committee 
under the chairmanship of A. I. Levorsen and the study of college curricula 
in geology by the special committee under F. H. Lahee. The business com- 
mittee, with A. R. Denison as chairman and D. P. Olcott as vice-chairman, 
has extended its customary advisory functions to active usefulness which has 
continued throughout the year. This committee cooperated actively with the 
national service committee to obtain the successful results achieved by our 
national service questionnaire. The business committee, as now constituted, 
deserves the high confidence of the executive committee and the Association 
as a whole in the guidance of our affairs. 
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John L. Ferguson, John W. Inkster, and Warren B. Weeks have served 
as a special informal committee to aid our affiliated societies in improving their 
technical meetings. The success of their efforts indicates the advisability of 
incorporating this activity as a regular feature of the Association. 

All of the standing committees and trustees have performed efficiently 
the duties delegated to them. Without their unselfish work the accomplish- 
ments of the Association would be greatly curtailed. 

All of the members of the national service committee, and particularly 
chairman F. L. Aurin, have worked aggressively and farsightedly to enable 
the Association and all of its members to take the most useful place possible 
in the national war effort. The questionnaire which was circulated by this 
committee has furnished a most valuable store of personnel information. By 
its use we have been able to cooperate advantageously with several military 
and other governmental authorities. Our potentialities for usefulness are 
rapidly increasing. The Association can already be proud of the war record 
of many of our members. Their intimate understanding of field conditions 
over the whole world and their ability to perform a wide diversity of technical 
tasks endows our men with capabilities for military and civilian service which 
insures the constantly growing brilliance of their achievements. 

During the current year, the president has attended regular meetings of 
all of our affiliated societies and sections located outside of the Mid-Continent 
area and some of the societies within that area. In spite of the best intentions, 
he has failed to visit several of our most active local societies, whose activities, 
however, seem not to have suffered from that neglect. Since our most impor- 
tant work during the past few months has been in connection with the national 
service committee, the president has been represented by the chairman of 
that committee at several of the local meetings. The fine cooperation which 
all members of the executive committee have received from all of our affiliated 
societies has been the most satisfactory feature of our official work. 

In the light of the experience of the past year, I wish to emphasize the 
following recommendations. 

First—-That the work of the national service committee be continued 
and expanded in order that the Association may be of the greatest possible 
usefulness to its members throughout the course of the war and the reconstruc- 
tion period which will inevitably follow. 

Second—That the contact of our officers with the membership at large 
be extended by a more active collaboration with our district representatives 
and the officers of our affiliated societies. 

Third—That all essential phases of the Association’s activities be con- 
tinued aggressively, in spite of the mounting difficulties which the war 
imposes. The increasing demands which the oil industry will eventually face 
require us to maintain unimpaired our ability for exploration and other tech- 
nical work, despite the great contribution which we shall have to make to 
military service. 

I can not adequately express my appreciation for the unvarying happi- 
ness which my year as president has brought to me, or my regret for the 
failure to accomplish much that should have been done. 

Ep. W. OwENn, president 
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Exuisit II. REPort oF SECRETARY-TREASURER 
(Year ending April 24, 1942) 
MEMBERSHIP 


Full participation in the war was too young to have its effects on the 
Association’s growth this year. The steady growth in membership which was 
started 6 years ago continued during 1941 and the first part of 1942. The 
Association had a net increase of 243 members the past year, which represents 
a 7 per cent increase and compares with 234 members and the same rate of 
increase the previous year. The total membership of 3,717, as of March 1, 
1942, constitutes a record high. Although a majority of the new members 
elected have been associates, 159 of this classification of a few years standing 
made application for transfer and were advanced to the status of full members. 
Tables I, II, and III present comparative data on the growth, status, and dis- 
tribution of membership. 

During the past year, seventeen of our valued members have passed 
away and their loss will be keenly felt by the Association. These are the fol- 
lowing. 

Honorary—Hill, Robert T., July 28, 1941 

Active —Casebeer, C. T., June 6, 1941 
Hall, George M., April 28, 1941 
Hammill, Chester A., December 7, 1941 
Hoskins, Baker, Jr., June 22, 1941 
Ickes, E. L., July 3, 1941 
Leatherock, Otto, October 3, 1941 
McCaskey, Morgan E., May 6, 1941 
Metcalf, Roy J., October 6, 1941 
Pratley, H. Hart, July 23, 1941 
Ridgeway, B. S., January 22, 1942 
Riter, Samuel W., August 5, 1941 
Roberts, Morgan E., December 30, 1941 
Simmons, J. E., May 6, 1941 
Smith, Edwin S., Jr., July 28, 1941 
Wedel, Arthur, May 7, 1941 

Associate—Cain, James Walker, Jr., July 15, 1941 


A special effort was made by the Association to set up an organization 
that would classify members so as to guide them in seeking war services where 
they were best fitted and at the same time assist in the national emergency. 
Through the efforts of the specially appointed national service committee, 
questionnaires were mailed to 3,540 members which resulted in a return of 
2,576, or 73 per cent. 

The past year brought forth several threats of taxation that caused the 
Association business office considerable increased work. Up to this time we 
have had levies and demands from the Internal Revenue Department which 
may necessitate our paying accumulated Social Security taxes in 1942 
amounting to more than $6,000. 


FINANCES 


The annual audit, which was published in the March Bulletin, showed the 
status of Association finances and the operating statement for 1941. Tables 
IV-X inclusive, furnish additional information and offer a comparison with 


past years. 
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TABLE I 

ToTAL MEMBERSHIP BY YEARS 

TABLE II 


COMPARATIVE DATA OF MEMBERSHIP 
March 1, 1941 March 1, 1942 
15 15 


Number of honorary members................... 
Total number of members and associates... .. 3,474 3.907 
Net increase in membership..................0 234 243 
Total new members and associates........... 325 344 
Total new members and reinstatements....... 350 375 
Applicants elected, dues unpaid.................. II 13 
Applicants approved for publication.............. 28 19 
Total applications on hand.................. 139 110 
Applicants for reinstatement elected, dues unpaid. . 6 ° 
Recent applications for reinstatement............ 2 2 
Total applications for reinstatement on hand. . 8 2 
March 1,194 March 1, 1942 
Applicants approved for transfer, dues unpaid..... I ° 
Applicants for transfer approved for publication... 62 3 
Recent applications for transfer on hand.......... ag 5 
Total applications for transfer on hand....... 100 8 
Number of members and associates resigned....... 24 21 
Number of members and associates dropped....... 82 93 
Number of members died. 10 18 
Total loss in membership................... 116 132 
Total gain in membership................... 350 375 
Number of members and associates in arrears, previ- 
Members in arrears, current year................ 858 gor 
Associates in arrears, current year................ 230 283 


Total number members and associates in ar- 


Total number members and associates in good 
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TABLE III 


GEOGRAPHIC DISTRIBUTION OF MEMBERS 


Alabama.......... 9  Louisiana......... 217 
28  Maryland......... 
457. Massachusetts..... II 
Connecticut....... 6 Minnesota........ 4. 
Delaware......... Mississippi....... . 38 
Dist. of Columbia.. 48  Missouri.......... 21 
5  Nebraska......... 17 
125 New Jersey........ 15 
65 New Mexico....... 25 
Total members in United States......... 
Argentina......... 15 France. 5 
Australia...... 10 Germany 4 
British Columbia. . . 2 
Costa 4 Netherlands....... 7 
3 New Zealand...... II 
Dominican Republic 3 Nicaragua......... 5 


Total members in foreign countries 
Grand total 


March 1, 1942 


927 
Oklahoma::....... 479 
Pennsylvania...... 65 
... 2 
Tennessee...... 7 
‘exas.. 
4 
Vermont I 
EO 
Washington....... 7 
West Virginia...... 21 
Wisconsin......... 7 
Wyoming......... 22 
see 3,352 
2 
6 
Persian Gulf...... 3 
Philippine Islands. . 4 
I 
Roumania......... 4 
2 
14 
Switzerland....... 12 
I 
2 
Uruguay.......... I 
Venezuela........- 73 
365 
3,717 
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TABLE IV 
COMPARISON OF ACCRUED INCOME BY CALENDAR YEARS 
Dues 1939 1940 1941 
Bulletin 
STUBS $ 4,645.43 $ 4,420.76 $ 4,650.15 
Back Numbers, etc. 
Bound Volumes of Bulletin............. $ 3,044.70 $ 3,483.10 $ 2,288.00 
Back Numbers of Bulletin.............. 1, 284.093 2,042.94 895.18 
Special Publications 
Siructive Volume TT. se $ 884.20 $ 40.60 
Geology of Natural Gas*............... 675.60 522.72 330.54 
Geology of Tampico Region*............ 158.98 129.10 173.30 
Struct. Evol. of Sou. California*......... 229.24 III.44 1.60 
Miocene Stratigraphy of California*...... 1,972.90 340.30 220.00 
Recent Marine Sediments*.............. 2,993.20 2,105.15 710.00 
Stratigraphic Type Oil Fields*........... 1,612.41 
Source Beds of Petroleum*.............. 779.80 
Possible Future Oil Provinces........... _ — 1,165.66 
Other Income 
Convention Receipts (Net).............. $ 808.66 — $ 632.84 
Delinquent Dues Charged Off........... 297.00 $ 332.00 333-35 
Interest, General Fund................. 1,718.98 1,755-79 2,052.07 
Interest, Research Fund................ 72 3.58 78.27 
Interest, Publication Fund.............. 387.45 478.19 509.90 
Profit, sale of Investments, Gen. Fund... _ 177.51 450.00 
Profit, sale of Investments, Publ. Fund... _— 45.00 _ 
Members Reinstated................... 81.00 48.25 97.50 
Adjustment of stated value of Investments 
to lower of Cost or Market........... 472.97 _ _— 
Regional Cross Sections................ 534-55 


* Income of Publication Fund. 
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TABLE V 
COMPARISON OF ACCRUED EXPENSES BY YEARS 


General and Administrative Expenses 


Telephone and Telegraph............... 
Office Supplies and Expenses............ 
Printing and Stationery................ 
Convention Expense (Net).............. 


Depreciation—Furn. and Fixtures....... 
Loss on sale of Bonds, etc. (Net)........ 
Excess of cost of Investments over lower of 

Geologic Map of North America!........ 
Bass-Neumann Oil Analysis'............ 
Tectonic Map of United States!......... 
Whitehead’s Radioactivity of Oil and Gas!. 
Waldschmidt’s Core Analysis'........... 
Revelle-Shepard Oceanography!......... 
Donation—Soc. of Econ. Paleon. and Min. 


Publication Expenses 


Stencils and Mailing................... 
Postage and Express (Bulletins)......... 
Freight, Express, Postage (Other Publ.)... 


Bulletin Inventory Decrease............ 
Special Publication Inventory Decrease. .. 
Regional Cross Sections................ 


1 Research Fund Project. 


1939 1940 


929 


1941 


$ 3,225.00 $ 3,750.00 $ 3750-00 


5,543-10 5,831.90 770.13 
1,500.00 1,500.00 1,600.00 
324.54 366.26 349.61 
1,394.92 2,036.86 2,116.43 
354-76 491.71 467.70 
321.91 241.78 193-49 
150.00 300.00 300.00 
186.64 237.32 210.14 
55-61 
161.01 159-93 219.68 
750.07 857.01 776.82 
173.05 158.76 231.50 
399.00 209.04 75-75 
400.00 400.00 400.00 
262.26 — 
180.40 
2,500.53 2,352.66 
1,000.00 
416.94 811.61 1,025.13 
100.00 78.67 
300.00 _ 75.29 
300.00 
26.22 
= 16.22 
1,100.00 
$15,053.19 $20,234.54 $22,320.97 
$ 3,562.50 $ 3,750.00 $ 3,750.00 
3,950.00 3975-00 3,960.00 
15,274.68 17,914.26 18,668.26 
2,271.29 2,654.54 3,040.69 
151.31 377.61 176.07 
230.19 218.23 227.20 
623.55 583-79 599.40 
1,180.04 1,232.36 1,216.54 
24.00 24.00 24.00 
240.76 187.88 49.81 
40.92 52.34 22.90 
18.00 — 
67.33 
20.88 100.99 
4, 200.03 348.81 1,197:77 
1,676.22 678.50 290.20 
443.06 2,262.40 I,11g.02 
421.12 85.33 
$33,975.66 $34,702.59 $34,528.18 
$49,928.85 $54,937-13 $56,849.15 


Purchase of Back Numbers............. 
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TABLE VI 
CoMPARISON OF NET INCOME BY YEARS 
939 1940 1941 
Expenses 
General and Administrative............. 15,953-19 20,234.54 22,320.97 
Excess Income over Expenses............. $ 8,829.50 1,013.10 $ 3,166.91 
TABLE VII 
INVESTMENTS Market 
Cost Value 
End of 
Year 
1939 Values 
1940 Values 
1941 Values 
TABLE VIII 
CompParIsON OF Cost OF BULLETIN 
1939 1940 I94I 
Monthly Edition........ 4,400 4,700 4,700 
Total Pages Printed, Including Covers... 2,374 2,624 2,702 
TABLE IX 
(Section 1) 
SPECIAL PUBLICATIONS 
Geology Geology : 
(ross) (936) 
Inventory 
Copies on Hand 
439 601 468 522 
1,227 280 1,070 
Cost (inventory) Per Copy.............. $4.00 $2.29 $1.755 $0.08 
Selling Price 
Members and Associates.............- 4.50 3.50 3.00 0.50 
6.00 4.50 4.00 0.50 
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Stratigraphy Marine Future Oil pe 
of California Sediments Provinces (1941) 
(1938) (1939) (1941) 
Inventory 
$2,180.48 $ 652.40 $ — 
Dec. 31, 1941 2,027.25 184.80 307.88 80.50 
Sales 220.00 710.00 1,165.66 309.00 
Copies on Hand 
Number of Pa 450 736 154 81 
Cost Per $2.475 $2.80 $0. 403 $o0.516 
Selling Price 
Members and Associates.............. 4.50 4.00 1.00 1.00 
TABLE X 
BUDGET 
IQ4I 
REVENUE 
Dues 
Reinstatements and 430 


Bulletin 
Subscription 


Advertising. 
Bound Volumes 
Back Numbers 
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TABLE IX 
(Section 2) 
SPECIAL PUBLICATIONS 
Possible 


Miocene Recent 


931 


Total 


$2,832.88 
2,600.43 
2,404.66 


1942 
Estimate 


$28,920 $25,000 


4,000 
210 


$34,134 $29,210 


Special Publications 


Geology of Tampico Region, Mexico...................... 173 
Miocene Stratigraphy of California....................... 220 
Permian of West Texas and Southeastern New Mexico...... = 
55777 
Other Income 
3,974 


2,720 


$59,989 $53,480 
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200 
: 100 
200 
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150 
100 
50 
3,200 
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280 
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1,000 
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2,520 
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EXPENSE 
General and Administrative 
Telephone and Telegraph: 2,466 2,500 
Ofice Supplies, Miscellaneous. . 1,369 1,370 


Postage and Express......... 
Misceltaneous. 


Special Publications 


16,642 23,770 


32,077 31,625 


Possible Future Oil Provinces of the United States and Canada 827 _— 
West Texas Rerional sections. 85 3 
Permian of West Texas and Southeastern New Mexico...... — 450 

1,332 18,835 

Research 


Tectonic Map of United States 


TOTAL EXPENSE............ 


EpmMonpD O. MarkHa\, secretary-treasurer 
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Exursit IIJ. Report oF EDITOR 


The year 1942 brings to a close the fifth year of service of the present 
editor. During that period only slight changes have been made in the manner 
of handling manuscripts. The policies initiated by his predecessors have been 
found very satisfactory. Under this policy a manuscript is critically read by 


‘a number of other persons after it reaches the desk of the editor. Frequently 


it is sent to a specialist on the subject matter involved, so that the best expert 
opinion may be available to judge the suitability for publication. 

In addition to the faithful group of associate editors we have built up in 
recent years a very valuable group of assistants called the committee for 
publication. When this committee was organized there existed a real scarcity 
of papers of high calibre suitable for publication in the Bulletin. The members 
of the committee were instructed to seek out capable authors and induce them 
to write manuscripts for the Association. The work got under way slowly, but 
now in the fifth year we are able to report that this committee is doing exceed- 
ingly valuable work. It secures many of the papers which are read at the time 
of the annual meeting. It also secures many of the papers which are later 
gathered together in special publications such as the recent book, Strati- 
graphic Type Oil Fields. The best proof of its success is to be seen in the gradu- 
ally enlarging size of the Bulletin. 

The statistical tables which have become a part of the annual report of 
the editor have been brought up to date. Table I shows the number of techni- 
cal articles printed each year since 1937 as well as the source of these articles. 
In this connection it must be remembered that our Association year begins 
with the April number and ends with the succeeding March number. Also 
it should be emphasized that our tabulation only includes major articles and 
geologic notes..The items published under the heading of Discussion, Reviews, 
et cetera are not included. Of articles published last year, the number of papers 
which we may call major papers totals 88 and the number of geologic notes 
totals 31, which makes a grand total of 119. A study of Table I indicates that 
approximately half originated on the floor of the annual convention. The 
next larger number is sent in by geologists who have been working on a prob- 
lem and wish to publish their results in the Bulletin of the Association. These 
are classified in the table under the heading, “Spontaneous.” The fourth 
column lists the papers which were solicited by the committee on publication. 
In this connection the reader should not overlook the fact that many of the 
papers listed on the program of the annual convention are also secured by this 
same committee. The full significance of their efforts is thus somewhat ob- 
scured. On the program of the last annual convention held in Houston 75 
papers were listed (not including those of the Society of Economic Paleon- 
tologists and Mineralogists). Of this number, 34 have been published in the 
Bulletin and about 6 others have been approved for publication. Thus the 
ratio of former years as regards percentage of papers listed on the program 
and later published is being maintained. The discrepancy between the figure 
of 34 and 56 (Table I) is due to the fact that we published quite a few papers 
last year which were listed on programs of former years. Among the 75 papers 
listed on last year’s convention program, 5 were printed in the book, Strati- 
graphic Type Oil Fields. 
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TABLE I 
Source OF BULLETIN PAPERS 


Number of Convention Publication . 
Year Papers Programs Spontaneous Committee Editor 
1937 83 34 39 7 I 
1938 92 49 27 II 5 
1939 108 48 28 15 i | 
1940 112 44 35 25 8 
1941 119 56 44 18 I 


The statistics compiled for the last 5 years provide another interesting 
comparison as regards the professional source of papers which are eventually 
printed in the Bulletin. 

TABLE II 


PROFESSIONAL SOURCE OF BULLETIN PAPERS 


Number of Oil Company Consulting ——" State Federal 


r 
Yea Papers Men Geologists Stude nile Surveys Survey 
1937 83 45 14 13 6 6 
1938 92 41 16 16 9 9 
1939 108 53 15 21 II 8 
1940 112 53 22 19 13 5 
1941 119 47 19 22 17 14 


Table II reveals the fact that approximately half the papers published 
in the Bulletin originate in the offices of oil companies in various parts of the 
world. During t he year 1941 the percentage of papers sent in by consulting 
geologists decreased slightly. Teachers at universities contributed 17 papers 
and graduate students in American universities sent in 5 making a total of 
22 for the year. The number of papers contributed by the Federal and State 
surveys increased somewhat over the previous year. 

In summary, the statistics show that the number of papers has increased 
from 83 in 1937 to 119 in 1941, and that the number of pages has increased 
steadily until 1941 when the average number of pages for each monthly 
Bulletin was nearly 220. This does not mean that we have reached the objec- 
tives we are striving for. We still do not get all the information which our 
readers would like to see in print. A great many items of absorbing interest 
become known to a small group in one part of the country and are passed 
around by word of mouth. These items would prove just as interesting to 
geologists in other parts of the country and possibly to our readers in remote 
portions of the globe, if some one would take the time to send them in. I there- 
fore urge those who are here to-day to bear this in mind during the coming 
year. If you discover an item of geological interest and do not have the time 
to write it up fully, send in to the associate editor a short summary and he will 
elaborate it into a geological note for the next issue of the Bulletin. 

I am pleased to report that work on the various special volumes authorized 
by the past executive committees is going forward apace. You all know that 
the valuable collection of articles which describe stratigraphic oil traps has 
appeared in print. You will certainly want to get one of these for your per- 
sonal library before the edition is exhausted. Another of our special volumes 
was printed just in time for this convention. It is the monumental summary 
of fundamental data on the origin of oil laboriously gathered together over a 
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period of years by Parker D. Trask. This book entitled, Source Beds of 
Petroleum, will doubtless lay the foundation for much valuable research work 


in coming years. 


TABLE III 
GEOGRAPHIC DISTRIBUTION OF Major ARTICLES AND NOTES 

Texas, South 12 New Mexico 4 
Texas, West 10 West Virginia 4 
Louisiana 9 Michigan 3 
California 8 Colorado 3 
Oklahoma 8 New York 3 
Texas, North 6 Montana 3 
Wyoming 6 Ohio 
Kentucky 5 Arkansas 2 
Kansas 5 Mississippi 2 
Pennsylvania 4 Missouri 2 

Illinois 2 

Canada a 


One article for each of the following: Iowa, Nebraska, Indiana, Tennessee, Vir- 
ginia, North Dakota, Alaska, China, Russia, Turkey. 


Table III allows us to see how the papers published last year were dis- 
tributed as to geography. 

The contents of the Bulletin, Volume 25, for the calendar year 1941, may 
be classified by pages as follows: major articles, 1,631; minor articles, 659; 
advertisements, 380; total pages, 2,670 as compared with 2,620 in 1940. 


W. A. VER WIEBE, editor 


Exurpit IV. REPORT OF RESOLUTIONS COMMITTEE 


Be it resolved that we, in behalf of the members of The American Associa- 
tion of Petroleum Geologists and associated societies of Economic Paleontolo- 
gists and Mineralogists and of Exploration Geophysicists, express our appre- 
ciation and sincere thanks to the following. 

Governor Ralph L. Carr for his cordial, happy, and timely address of 
welcome to our associated societies. 

The convention committee and especially C. E. Dobbin, general chair- 
man, A. E. Brainerd, program chairman, and the members of each committee 
who have worked together so efficiently in the interest and for the comfort 
and pleasure of all attending this very successful convention. 

The members of the Rocky Mountain Association of Petroleum Geologists 
for their assistance in plans for the convention, with its meetings, field trips, 
and social features. 

The members of the executive committee for their help in plans to make 
the convention serve in the best possible way the highest interest of our coun- 
try in the war effort by the further discovery, production, and use of petro- 
leum and its products. 

J. P. D. Hull and each member of his efficient corps of workers for the con- 
tinued successful handling of the business of the Association, and Walter A. 
Ver Wiebe for handling so well the arduous task as editor of the Bulletin. 

The Denver Convention and Visitors Bureau for efficient assistance in 
registration, and the Postal Telegraph Company for furnishing and servicing 
the bulletin boards showing registrations. 
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The Cosmopolitan Hotel and all hotels of Denver for housing and supply- 
ing all conveniences for the comfort of our members. 

The exhibitors for their excellent displays arranged for the benefit of our 
members, and particularly George Kelly for the use of a large map of the oil 
fields of the United States. 

We express regret that among early officers of nearly a quarter century 
ago, J. Elmer Thomas, M. G. Mehl, C. H. Taylor, W. E. Wrather, Alexander 
Deussen, and C. E. Decker, who were extended a special invitation to attend 
this meeting, only the last two named were able to honor us with their pres- 


ence. 
C. E. DECKER, chairman, RAyMonD C. Moore, GEo. S. BUCHANAN 


EXHIBIT V. REPORT OF BUSINESS COMMITTEE 


We recommend as follows. 

1. That you approve and commend the work of the national service com- 
mittee and recommend to the executive committee that its work be continued 
for another year. 

2. That all members who have not sent in their questionnaires be urged 
to do so immediately. 

3. That all affiliated geological societies appoint a war-effort committee 
within their membership so that they can coéperate with the national service 
committee. 

4. That the following resolution be adopted. 

Resolved, that the American Association of Petroleum Geologists con- 
tinue, through its president and the national service committee, to codperate 
fully with the war effort of our country, especially for the maintenance of ade- 
quate petroleum reserves and in the placement of technically trained person- 
nel so as best to serve the requirements of the armed forces, governmental 
agencies, and various branches of essential industry. 

5. That the executive committee appoint a distinguished lecture commit- 
tee of five members, whose duties shall be to secure nationally known and out- 
standing speakers for appearance before local affiliated society meetings. 

6. That the executive committee advance to the chairman of the dis- 
tinguished lecture committee the sum of $500 as a revolving fund to pay the 
expenses of such speakers in advance, the amounts so advanced to be re- 
funded by those affiliated societies visited by the speakers. 

7. That the following resolution be adopted. 

Resolved, that the by-laws of the Association be wanes by the addition 
of a paragraph under Section 2, Article I, to read as follows: “During any 
period in which the United States is actually engaged in war and for a period 
of one year thereafter, the executive committee may at its discretion suspend, 
reduce, or waive annual dues to members or associate members serving in the 
armed forces of the United States or any allied country, without otherwise af- 
fecting their membership, except that they shall not receive the Bulletin dur- 
ing a period for which no dues are paid.” 

8. That the following resolution be adopted: 

Resolved, that The American Association of Petroleum Geologists en- 
dorse the geologic project known as “The Transformation of Organic Material 
into Petroleum” and urge that it be included in the research program of the 
American Petroleum Institute. This Association, which includes in its mem- 
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bership most of the geologists who are the oil finders of the industry, believes 
that the increasing difficulty experienced in discovering important new fields 
makes it vital to furnish the geologists with all the help modern science can 
render, and that without new knowledge to apply to the search for oil, that 
search will steadily decline in effectiveness. The proposed project, formulated 
after careful consideration of the types of new knowledge most likely to in- 
crease success in the search for oil, is urged as a measure of security and of 
economy. 

9. That the reports of the standing and special committees be approved 
and published in the Bulletin. 

A. R. DENISON, chairman 


ExuHisBit VI. REPORT OF NATIONAL SERVICE COMMITTEE 


The national service committee was appointed soon after the meeting held 
last year in Houston. This committee is composed of F. L. Aurin as chairman; 
W. E. Wrather, Ben C. Belt, Frank A. Morgan, Eugene Holman, and B. B. 
Weatherby. At that time there was no critical emergency, but on account of 
impending possibilities it was the opinion of the members that we should 
begin to formulate plans for such an emergency, so that we could render as 
much service as possible for our membership and at the same time attempt 
to place the specialized qualifications of the petroleum geologists before the 
different governmental agencies and thus fit them into the spheres in which 
their training and experience could be used most advantageously for the 
benefit of the country. 

A questionnaire was prepared and submitted to the executive committee. 
At that time it was thought best not to send it out as a cross section of opinion 
indicated that the response would not be complete enough to make the survey 
effective. On December 7, 1941, war was thrust upon us and it changed the 
entire situation, so that it was of paramount importance that the question- 
naire be circulated throughout our entire membership with all speed possible. 
The tentative questionnaire was revised and condensed as much as possible. 
Although it may not have been perfect—it was the best we could formulate 
under the circumstances. The privilege of the questionnaire was not entirely 
confined to our own members, but also included interested former members 
and other non-member geologists. 

Approximately 3,500 questionnaires were sent out to full and associate 
members of the A.A.P.G. and the return of these forms has been about 2,600. 
We have contacted members of the business committee through Rodger Deni- 
son, chairman, in order to bring this matter to the attention of the district 
representatives so that they in turn could notify those members who had not 
sent in their questionnaires. In addition, we have urged many others in the 
Association to bring this matter to the attention of any member who had been 
delinquent in this program. Both of us have also appeared before different 
geological societies, presenting the object of the questionnaire and the neces- 
sity for a complete return to headquarters. Many district representatives 
have contacted every member in their respective districts either by telephone, 
by letter, or other means—so that it would appear to us that we have used 
every effort possible to make the returns as complete as possible. 

Mr. Owen and I personally have been making complete tabulations of all 
these questionnaires and we have completed this work. It took almost two 
months of such time as we could spend to accomplish this part of the program. 
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We are now in a position to give more attention to the requests which we have 
recently received for personnel and information from the different branches of 
Government service. 

I am sure you would be interested in knowing the form and results of our 
tabulation or inventory of the questionnaires. Our master sheets include the 
following information on each individual by districts: Draft Classification; 
Name; Age; A.A.P.G. Classifications as to availability; Qualifications and 
Experience for Topography, Water Supply, Geophysics; Engineering Train- 
ing; Administrative Experience; Photo-Geology; Foreign Experience; Knowl- 
edge of Foreign Languages; Experience in All Phases of Petroleum Geology, 
Geophysics, Engineering and Associated or Affiliated Subjects; and also all 
the miscellaneous experiences such as Cartography, Photography, Meteorol- 
ogy, Chemistry, Physics, Radio and Teaching. Some very interesting facts 
were brought out in this tabulation, such as set forth in the following tables. 


EsTIMATED NUMBER OF MEMBERS OF A.A.P.G. SKILLED IN VARIOUS 
TECHNICAL BRANCHES APPLICABLE TO MILITARY SCIENCE 


Geophysics 200 
Interpretation of aerial maps 500 
Construction of precision instruments 25 
Radio maintenance and construction 50 
Teachers of topographic mapping 5° 
Topographic mapping 500 
Teachers of aerial map interpretation 50 
Civil engineering and construction 25 
Research physicists and electrical engineers 25 
Navigation 10 
Meteorology 30 
Photography (special techniques) 20 
Chemical engineers 10 
Core drilling 100 
Applied mathematics and instruction 25 
Highway engineering 10 
Optics 5 
Magnetics 20 
Supervision of native labor 

Latin America 100 

East Indian 50 

Arabic 20 
Foreign experience 600 


RésuME OF STATUS OF GEOLOGISTS, AS SHOWN BY 
A.A.P.G. QUESTIONNAIRES 


Now in military service 


Commissioned officers 144 

Non-commissioned officers 

Privates 10 
Men in first registration (21-35) 

Classes 1 and 2 168 

Class 3 838 

Class 4 34 
Men in last registration (36-44) 683 
Men above 44 648 
Foreign citizens in Latin America 12 
Women 21 


Totals 2,504 
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Our method of direct or indirect approach to the question of personnel 
work in connection with the needs or requirements of the different govern- 
mental agencies has been partly through the war-effort committee of the 
Geological Society of America. This committee is composed of William O. 
Hotchkiss, Chester R. Longwell, and W. W. Rubey. They have been directing 
their efforts toward conferring with the proper Government authorities in 
Washington and have presented to them plans or data which will inform 
them that the geological profession, with its many diversified qualifications 
and specialties, is anxious to codperate and be of service to our Government 
in this emergency. This committee has been doing very fine work. All of these 
requests for specialized personnel by the different branches of military service 
as transmitted to us by this committee have been given extensive publicity 
to every member of the Association by forwarding to the geological societies, 
by much correspondence with individual members, and by special announce- 
ment. 

In addition to our coéperative efforts with the war-effort committee, both 
Mr. Owen and the national service committee have made a survey of the 
needs of the different branches of the military service for men having our 
experience and qualifications. Of course it is almost an impossibility to reach 
every possible source as we are dependent to some extent on requests from 
many of the military branches of service. The one branch of service with which 
we have attempted to confer to the greatest extent, with our limited time and 
facilities, is the Air Corps, as it appears from a careful survey of our member- 
ship that it is in this branch that the petroleum geologist can use his training 
and experience to the best interest of our country in winning the war. A rough 
estimate indicates that about 50 per cent of our membership have had some 
experience in the interpretation of aerial photographs in doing geological or 
geophysical work either in the office, in the field, or both. In this estimate are 
included those ranging from having been exposed to aerial photographs, 
limited use, college courses, many years of actual experience, to the expert on 
photo-geology. From our contacts and the information now at hand, there is 
a greater demand for men experienced in the interpretation of aerial photo- 
graphs than we can supply, so that it will be necessary to train many for this 
type of work, and a geologist, even though he has not had any actual experi- 
ence but has had a substantial amount of field geology, would be a logical 
candidate for this type of work. 

Another branch of the Air Corps in which certain types of geologists by 
their training, experience, and personality would qualify is the Intelligence 
Section. In making the proper contact with the Air Corps, the national service 
committee can be most useful and we urge you to communicate with this com- 
mittee if you are interested. 

Your attention is directed to the announcement by the national service 
committee on other branches of military service and civil service, recently 
mailed to all members with the second notice of the Denver meeting. Among 
the important requests for personnel were for men experienced ii the use of 
seismograph instruments for the Coast Artillery and Signal Corps of the 
United States Army; men with engineering training and experience for the 
Corps of Engineers; and men well grounded in fundamental physics for the 
Bureau of Ordnance, Navy Department. See this announcement for details, 
and if you do not have a copy write to A.A.P.G. headquarters. 
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In addition to all of these, we have had requests for men experienced in 
water-supply work, interpretation of aerial photographs for the Navy Depart- 
ment, and many miscellaneous specialties. We have also had many requests 
for personnel and information, the nature of which is so confidential that it 
can not be disclosed at this time. A considerable part of the time of the com- 
mittee and of Mr. Owen has been taken up in compliance with the latter re- 
quests, and as time goes on the volume of requests will greatly increase. 

There are some specialists in our membership whose experience is in cer- 
tain fields of operations in petroleum geology, geophysics, and engineering, 
and other fields not particularly related to petroleum geology; these men are 
especially needed for important work in certain branches of military service, 
none of which has been mentioned in the requests outlined. 

Both Mr. Owen and this committee have had to devote much time to 
answering considerable correspondence with our contacts and that of indi- 
vidual members. In the case of the individuals, they have been seeking infor- 
mation on the proper procedure to enter the branch of military service in 
which their training and experience will be of the greatest use and benefit to 
the Government. There also seems to be an urgent desire on their part to know 
what branch of the service they are best qualified to enter. We have attempted 
to take care of such requests insofar as our limited time and facilities would 
permit. Some of our members have been inducted into service as privates and 
we have tried to inform them of the possibilities of transfers into the branch of 
service in which they are best fitted by their training and experience. I am 
sure there are many cases where many of our members have been inducted 
into the service but they have failed to send in this information to head- 
quarters, to the national service committee, or to Mr. Owen. We hope that 
these will realize the importance of the situation and make the proper report 
to the Tulsa headquarters office. 

The work of the national service committee has been accomplished 
through many sacrifices of time, and labor, and limited facilities. We have no 
apologies to make, but at the same time realize that our work has been far 
from perfect. We hope that this committee will be continued and expanded to 
meet the situation in every respect, insofar as is possible under the circum- 
stances. 

In conclusion, and in my humble opinion, I do not know of any profes- 
sional men better qualified, by both training and experience, to serve our 
Country most efficiently in as many diversified specialties and capacities, 
than the petroleum geologist and geophysicist. Even with this thought in 
mind, it would not be our recommendation that the petroleum industry cut 
too drastically into its exploration personnel, because this is a defense indus- 
try and must carry on with every effort to supply one of the most vital needs 
for an all-out participation in winning this war! 

F. L. Aurin, chairman 


Exursit VII. REPORT OF INFORMAL COMMITTEE FOR SECURING 
DISTINGUISHED SPEAKERS FOR THE AFFILIATED SOCIETIES 


At the request of several members of the Association, president Owen, late 
in the summer of 1941, appointed an informal committee of the A.A.P.G. to 
secure speakers and arrange their trips among the various affiliated societies in 
order to improve the general quality of the technical meetings of these socie- 
ties. 


a 
. 


THE ASSOCIATION ROUND TABLE 941 


This committee consisted of the presidents of three societies: John W. 
Inkster, president of the Kansas Geological Society; Warren B. Weeks, presi- 
dent of the Shreveport Geological Society; and John L. Ferguson, president of 
the Tulsa Geological Society. After preliminary correspondence this commit- 
tee began functioning and largely through individual action, was able to se- 
cure and circulate among twelve of the affiliated societies four speakers who 
donated their time and paid part or all of their expenses. 

These speakers were, in order of appearance: Sam H. Knight, professor of 
geology, University of Wyoming; Hugh D. Miser, chief of Fuels Section, 
United States Geological Survey; Francis P. Shepard, professor of geology, 
University of Illinois; Walter H. Bucher, professor of geology, Columbia Uni- 
versity. 

They spoke on subjects with which they were familiar after years of study 
and research, on basic problems of structure, stratigraphy, and sedimentation. 

The tours were financed by the Kansas Geological Society and the Tulsa 
Geological Society with the understanding that the societies participating in 
the tour of each speaker should share equally in the cost of the tour of that 
speaker, and reimburse the society which advanced the expenses. The finan- 
cial arrangements have worked out satisfactorily. 

On April 6, 1942, after being advised that I should present this report to 
the business committee, I sent to the presidents of 22 affiliated societies a let- 
ter requesting their reaction to the program as carried on during 1941-42, 
whether they had participated or not, and also seeking their opinion regarding 
their society’s attitude toward participating in such a program in 1942-43. 

From the 12 participating societies, nine responses were received, report- 
ing that the project was worthwhile, that the division of expense-cost was 
satisfactory, and that they wished to continue in 1942-43 with from 2 to 4 
speakers, despite the present state of war. From the 10 non-participating so- 
cieties, six written and one oral response was received, asking that they be 
included in the 1942-43 program, and asserting that they would be willing to 
share in the speakers’ expenses to the limit of their financial ability. All groups 
expressed themselves on the type of speaker desired, and stressed their prefer- 
ence for speakers on fundamental subjects of sedimentation, stratigraphy, and 
structure. I considered the response an enthusiastic endorsement of the pro- 
gram which this committee fostered during 1941-42. 

As a result of the year’s activities Mr. Inkster and Mr. Weeks feel that the 
program should be continued by an A.A.P.G. Committee, bringing 3 speakers 
to the interested societies at well-spaced intervals, and they both suggest that 
the cost to each participating society might be distributed partly on the basis 
of membership, and the remainder equally. I concur in these opinions and sug- 
gestions. 

I find the present arrangement of an informal committee of affiliated so- 
ciety presidents unsatisfactory for the following reasons: 

1. Due to different terms of office, each president is certain to lose interest 
in the committee as his term of office expires. 

2. For the same reason each committeeman loses the power to impose 
financial obligations on his society and thus hampers the actions of the com- 
mittee. 

3. It is unfair to ask one affiliated society to assume the expense for a tour 
in which many societies participate. 

4. It is unfair to the smaller societies to have the committee made up 
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solely of large society members, since the small societies can not advance the 
funds necessary to give them a place on the committee. 

Therefore, I recommend as a member of the informal committee, that 

1. The executive committee of the A.A.P.G. set up a special committee, 
consisting of five members of the A.A.P.G., who shall secure and circulate 
outstanding speakers among the affiliated societies. 

2. The Association authorize the executive committee to advance to the 
chairman of this special committee the sum of $500 as a revolving fund to pay 
speakers’ expenses, which expenses will be repaid by the participating socie- 
ties. 

One of the projects of this committee which was entered into only slightly 
during 1941-42, was the wider circulation of papers prepared by members of 
affiliated societies for local presentation, but which have interest to other 
societies. Efforts to carry out this activity should be increased in 1942-43 and 


succeeding years. 
Joun L. FERGuSON 


Exrusit VIII. Report oF COMMITTEE ON COLLEGE CURRICULA 


The first annual report of the committee on college curricula was pub- 
lished in the May issue of the Bulletin.* Here were summarized the results of 
the committee’s investigation as to what deficiencies had been observed, and 
what improvements might possibly be made, in the training of petroleum 
geologists to meet the present needs of the oil industry. 

Following this preliminary investigation, the committee has been studying 
the problem of specific curricula. Each member has submitted, for considera- 
tion by the rest of the committee, one or more schedules of the courses which 
he believes should be required for the training of a petroleum geologist. In this 
way we have obtained a fair cross section of the views of the committee. In 
addition to this, we distributed copies of the first annual report to the heads of 
more than 70 geological departments, and from several of these we have re- 
ceived constructive ideas. Thus, through two approaches—the committee it- 
self and the teaching profession—we have sought a solution of the problem. 

Before discussing particular courses or schedules, there are several general 
points which should be mentioned. In the first place, we wish to make clear 
the fact that our committee is concerned solely with the subject of petroleum 
geology and petroleum geologists, not with the profession of petroleum en- 
gineering nor with the profession of applied geophysics. 

In the second place, we have come to the conclusion that it is not practical 
for us to recommend a specific curriculum, nor even a choice between two or 
three specific curricula. We shall point out those courses which we think should 
be required and those, of somewhat less importance, from among which selec- 
tion should be made, and we shall suggest elective subjects, but beyond this 
we cannot go. The reason for thus limiting our suggestions is that there are too 
many modifying circumstances at different institutions, circumstances which 
we cannot foresee and for which we cannot provide. We must leave it for the 
institutions to solve their own individual problems. Such, for example, involve 
executive and administrative details; political and financial aspects; questions 
as to available facilities of equipment and teaching staff; manner of dividing 
the school year, i.e., whether into two semesters or three semesters, plus a 


* Bull. Amer. Assoc. Petrol. Geol., Vol. 25 (1941), pp. 969-72. 
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summer term; and so on. Here, too, we might list the oft-recurring problem of 
the student’s financial limitations and the problem of segregating high-grade 
students from low-grade students in order to facilitate advancement by the 
former. We, as a committee can not solve these difficulties. We can only state 
what we think should be taught and leave the execution to the various insti- 
tutions. 

In surveying the large number of suggestions that have been presented to 
us, we find that the basic question seems to be, should a curriculum for prepar- 
ing a student for petroleum geology be of a technical engineering character or 
should it be broader, with more emphasis on fundamentals and humanities 
and less emphasis on technical specialization. There are definitely two types 
of school, namely, the technical and the liberal arts. It is our belief that there is 
room for both types of training, both leading toward the same goal, one to be 
offered in the technical schools and the other in the liberal arts colleges, but in 
any event, even in the broader course, we are convinced that more and better 
instruction than formerly is needed in mathematics, physics, and chemistry, 
for adequate preparation in petroleum geology. We may add this further re- 
mark, that a majority of chief geologists of oil companies, in seeking new em- 
ployees for their departments, have expressed a preference for graduates who 
have had the broad training in fundamentals rather than graduates highly 
specialized in a more limited group of engineering subjects. They state that a 
young man who has mastered the broad fundamentals can soon learn special 
techniques for selected lines of work. 

With regard to subjects, a majority of the committee and a majority of 
those questioned agree that the following courses, outside of geology, are es- 
sential for adequate training of a petroleum geologist: algebra, analytical 
geomtery, mechanical drawing, descriptive geometry, calculus, qualitative 
and quantitative chemistry, general physics, surveying, English composition, 
public speaking, and at least one foreign language (French, German, or Span- 
ish). These may be considered as fundamental. Some members of the commit- 
tee would add differential equations, mechanics, hydraulics, advanced physics, 
organic chemistry, physical chemistry, and biology; but whether or not these 
should be required should probably depend upon what branch of petroleum 
geological work the student is expecting to follow. Consequently these courses 
should be offered as electives. Certain courses should be required among the 
humanities, but some choice might well be permitted within designated 
groups. These should include such subjects as history, government, sociology, 
political science, and economics. 

Required courses under geology should include introductory structural 
and historical geology, advanced structural geology, field geology, mineralogy, 
invertebrate paleontology (index fossils), stratigraphy, sedimentation, petrol- 
ogy, physiography, geomorphology, economic geology, petroleum geology, 
and principles of geophysics. Other courses, which might be offered as elective 
options, depending on the student’s preference, would be crystallography, 
petrography, micropaleontology, mineral deposits, engineering geology, etc. 

The allocation of these various subjects to different years would depend 
on a number of factors and might be left to the geological department of the 
institution. Some courses would obviously precede others, but in the later 
years there is quite a little latitude in sequence. 

Some of the courses listed above merit special comment. There is some 
question whether calculus should be required of all students in petroleum 
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geology. Some will use it, after graduation, whereas, according to actual ex- 
perience, many will not. However, not so much for the chance that calculus 
may be needed as for the reason that it is an excellent discipline for the mind, 
we feel that it should be a required course. Beyond this, the more advanced 
mathematical subjects are recommended only by those who are involved with 
either engineering or geophysical aspects of petroleum exploration, and con- 
sequently we suggest that such mathematical courses be made optional. 
Similarly, advanced physics should be optional. 

English composition is needed by all students. It should be required 
throughout at least one year—possibly two—and frequent opportunity should 
be afforded for cooperation between geological and English departments to 
help the student on his written reports during the later years of his schooling. 
In this connection we might also mention the desirability of instruction in 
oral presentation. A course in public speaking may well be taken to advantage. 

We emphasize the necessity for teaching students clear thinking and logi- 
cal reasoning, and suggestions have been made that a course in logic be re- 
quired. However, we believe that much can be taught in the way of logical 
presentation in the handling of geological reports. There are no better oppor- 
tunities for teaching a pupil how to gather facts, how to arrange these facts, 
and how to draw conclusions from them, than in field geology with its de- 
mands on observation and inference. 

Some difference of opinion appears as to which of the three foreign lan- 
guages—French, German, and Spanish—would be most useful. No doubt 
German would be of great value in studying scientific publications, as also 
would French, but for present and perhaps future use, Spanish might be the 
better choice. In the uncertainties that exist today, this question might be left 
for later decision. 

Of exceedingly great importance is field geology—the teaching of geologic 
phenomena as these actually occur in the field. We do not admit that a stu- 
dent can be adequately trained as a geologist unless he is brought face to face 
with the natural occurrences of rocks and structures. At least two summer 
seasons, and preferably three, should be devoted to well codrdinated courses 
in field geology. Some training should of course be given in instrumental 
methods, but we wish to impress our conviction that the main value in such 
field courses lies more in the fact that the student sees the geologic phenomena, 
learns to appraise them in their proper relations, and acquires facility in a 
three-dimensional understanding of them, than in the fact that he may be 
taught how to run a plane table or how to use a Brunton compass. It is for 
this reason that we strongly urge comprehensive courses in field geology and 
not because we are anticipating extensive employment of petroleum geology 
graduates in field exploration. We wish to add further that field instruction 
should not be limited to vacation periods and to summer sessions. Courses in 
structural and dynamical geology, presented in the other semesters of the 
year, should always include a number of half-day and one-day trips to locali- 
ties where geologic phenomena can be studied on the ground, and attendance 
on such trips should be required. 

There still seems to be a misunderstanding concerning geophysics as a 
course for geologists. Just as no geologist could be adequately trained without 
some instruction in mineralogy, or paleontology, or stratigraphy, so no geolo- 
gist can fully comprehend the significance of modern geology without at least 
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one course in the principles of geophysics. We do not advocate that this sub- 
ject be taught in such a way as to make geophysicists out of our petroleum 
geologists. We do urge that enough be taught a candidate in petroleum geol- 
ogy for him to know what the different geophysical methods of exploration 
are, what their relative merits are, and how they may be used for subsurface 
exploration for geologic structural conditions and for petroleum and other 
mineral deposits. 

On one point all are agreed—our committee members and practically all 
those questioned outside the committee—that a satisfactory curriculum in 
petroleum geology must include a minimum of five years; that is, five years on 
the usual pre-war basis. Whether the 5 years should be planned as a fixed 5- 
year course or as a 4-vear course plus a graduate fifth year is not very impor- 
tant except insofar as date of choice of major is concerned. The former method 
would mean early selection of a schedule for five years. The latter would allow 
more latitude for change in case the student could not make up his mind early 
in his freshman year. For this and other reasons we would favor the four-year- 
plus-one-graduate-year program. 

Under the present emergency, efforts are being made in several institu- 
tions to accelerate the course and thus enable a student to finish his training 
in considerably less time than formerly. In geology it is even suggested that 
the first field course be given in the summer between High School and College, 
and that steps be taken to acquaint High School students with the facts con- 
cerning geology as a profession so that they may be prepared for this kind of 
accelerated instruction. Whether this plan would be successful remains to be 
seen. To us it would seem to offer in an exaggerated form the objections raised 
against the 5-year curriculum as contrasted with the 4-year-plus-one-gradu- 
ate-year program. In any event, an accelerated curriculum could be taken 
satisfactorily only by a student who could make selection of his course at an 
early date. The very fact that such a course would be condensed, intensive, 
and strictly regulated as to required and elective subjects, would seem to 
make it appropriate for the engineering type of school rather than for the 
liberal arts school. 

In our report of last year we referred to two important kinds of codpera- 
tion which should be encouraged. These were interdepartmental and interin- 
stitutional. By interdepartmental codperation we mean careful planning of 
the courses in a given curriculum, where such courses are offered in different 
departments, and in different divisions of the same department, in such a way 
that there will be a minimum of needless repetition, and there will be a con- 
certed effort to explain to the student how each subject is related to the other 
subjects of his curriculum. In other words, there should be economy of time 
and clarification of purpose. This kind of coéperation demands frequent and 
frank discussion between the teachers of the courses involved and it requires a 
willing determination on the part of these teachers to mould their several in- 
terrelated courses into an integrated whole. Some institutions have carried 
this idea of interdepartmental coéperation far along the road to success, but 
others reveal abundant room for improvement. 

Under interinstitutional coéperation we mean to include plans which per- 
mit the conduct of certain courses which might not be feasible if attempted by 
a single institution, but which become practical when two or more institutions 
combine. For example, a course in geophysical exploration might not be possi- 
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ble in each of several institutions, whereas, by codperative financing, these 
institutions might together provide for a very excellent course, to be taught 
in one place, but open to properly qualified students of the group. Most effec- 
tive, among programs of this kind, are summer field courses provided under 
the auspices of several institutions. Several such plans have been in operation 
in recent years. They may well be encouraged, for they not only facilitate 
economy of teaching staff, but also they provide opportunity for greater 
breadth of training. 

Returning to the question as to whether a man who is training to be a 
petroleum geologist should seek a broad fundamental background or should 
specialize in techniques, we would emphasize this truth, that techniques are 
frequently changing whereas fundamental facts remain. If a man is to be pre- 
pared, not for the next five or perhaps ten years, but for life, it is worth much 
more to him to learn all he can of basic principles, for he can then adjust him- 
self, by relatively little effort, to temporary techniques. Therefore, in general 
we favor the broader course as the best long-time preparation for a petroleum 
geologist. 


L. T. BARRow W. P. Haynes Joun D. Marr 

WALTER R. BERGER K. K. LANDES E. K. Soper 

Hat P. ByBEE Henry A. LEY W. T. THoM, Jr. 

Tra H. Cram Joun T. LonspALE FReEDERIC H. LAHEE, chairman 


Exuisit IX. REPorRT OF CHAIRMAN OF RESEARCH COMMITTEE 


TECTONIC MAP 


The executive committee, upon the recommendation of the research 
committee, has made available a grant of $1,000 toward the completion of 
the tectonic map of the United States and has agreed to publish and distribute 
it when it is completed. This map is one of the projects of the National Re- 
search Council, Division of Geology and Geography, and has been under 
preparation for the past 7 years by a committee of which Dr. Chester A. 
Longwell is the chairman. The final assembly of tke material is being done by 
Philip B. King, of the United States Geological Survey. An association edi- 
torial committee consisting of the president, the editor, and the chairman of 
the research committe, together with Dr. King, has been appointed to decide 
on all questions about the preparation of the map and to work jointly with 
a similar committee of the Division of Geology and Geography. It is hoped 
the map will be ready for distribution during the coming year. 


GEOLOGIC MAP OF NORTH AMERICA 


The executive committee, upon the recommendation of the research 
committee, made a grant of $1,000 toward the revision of the areal map of 
North America which is being done under the supervision of Dr. Bailey 
Willis and Mr. George B. Stose. The contribution of the Association is in 
addition to that of other scientific societies and was made to expedite the 
preparation of the map. The revision will consist almost entirely of new data 
since the first map was published in 1906, and Dr. Willis reports that it is 
over 75 per cent completed at this time. 
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PUBLICATIONS 


The research committee has been rather active in the past year and a num- 
ber of publications may be credited as a result of its activities. They are the 
following. 

A photolithographed booklet, The Origin of Oil, which recorded an all-day 
conference of 37 leaders in this field of investigation which was held the day 
following the annual convention, April 5, 1941. Five hundred copies were 
printed and the entire edition is exhausted. (A second is in press.) 

The August Bulletin contained a symposium, Possible Future Oil Provinces 
in the United States and Canada, which was presented at the evening round- 
table discussion of the research committee at Houston, April 1, 1941. In 
addition, 2,000 copies were bound and are for sale separately. 

The special volume, Stratigraphic Type Oil Fields, which has been in 
preparation for the past several years, was published in December, 1941. It 
contains thirty-seven articles, of which thirty-six are oil-field descriptions, 
prepared by fifty-two authors. 

An article by W. A. Waldschmidt, ‘‘Cementing Materials in Sandstones 
and Their Probable Influence on Migration and Accumulation of Oil and 
Gas,” was published in the October Bulletin. This research was in part fi- 
nanced through a grant from the Association. 

An article by W. C. Krumbein entitled, “Criteria for Subsurface Recog- 
nition of Unconformities,’”’ was published in the January, 1942, Bulletin. 
This article was a result of the sedimentation conference last April, in Hous- 
ton, in which Krumbein led a discussion on the subject of unconformities. 

An article by L. C. Case, “Selected, Annotated Bibliography of Oil- 
Field Waters,” is being published in the May, 1942, Bulletin. This is one of 
the results of the past conferences on oil-field waters under the leadership of 
Mr. Case. 

PERMIAN VOLUME 


The following report has been submitted by Ronald K. DeFord, chairman 
of the Permian volume. 

As is necessary and right, war work now comes first with everyone. Despite the 
encroachments of the war on the time of editors and contributors alike, work on the 
Permian volume is progressing. The following are some of the immediate problems: 
(1) to find a suitable available draftsman; (2) the careful correlation of surface exposures 
from Oklahoma to west-central Texas; (3) the preparation of the columnar sections in 
Oklahoma. Papers on Utah and western Colorado, on ammonoids and fusulines, are 
in the hands of editors, others are nearly ready, still others are lagging. 


SURVEY OF GEOLOGY STUDENTS 


A survey of the major geology students in the United States has been 
conducted each January. The report for January, 1942, will show a drop in 
attendance of more than 20 per cent as compared with January, 1941. A 
large part of this is accounted for by the high percentage of those who entered 


the military services. 
CONFERENCES 


The pre-convention series of conferences which consist of discussion of 
some of the fundamental problems of petroleum geology are being continued. 
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They seem to fill a need of the Association and are gaining in interest each 
year. There is no reason why other similar conferences may not be added or 
some now being conducted changed in scope as the need arises and as condi- 
tions change. These conferences supply an increasing amount of Bulletin 
material and offer those who are particularly interested in some phase of our 
science an opportunity of getting together with others of like interest to dis- 
cuss their common problems. The informal exchange of ideas helps advance 
petroleum geology. 

Last year, at Houston, an all-day post-convention conference was held 
in which those particularly interested in the problem of the origin of oil were 
invited to participate. The meeting was reported by a stenotype operator and 
the record printed and distributed by the Association. A similar all-day con- 
ference is scheduled for the day following the Denver convention, on the sub- 
ject of “Sedimentation.” While everyone interested is welcome to attend, 
about thirty teachers of sedimentation from the various colleges of the United 
States and an equal number of commercial sedimentationists were issued 
special invitations in order to form the nucleus of the discussion group. It is 
believed that such an informal exchange of ideas is helpful to everyone taking 
part. Such all-day conferences might become a regular feature of the annual 
convention, taking as the subject for the meetings any topic of great interest 


to a rather limited number of persons. 
A. I, LEVorsEN, chairman 


EXHIBIT X. REPORT OF REPRESENTATIVE ON DIVISION OF GEOLOGY 
AND GEOGRAPHY OF NATIONAL RESEARCH COUNCIL, 1941-1942 


The annual meeting of the Division was held in Washington on Saturday, 
May 3, 1941. Some of the activities of the Division which are of especial in- 
terest to petroleum geologists are as follows. 

Correlation charts—A committee under the chairmanship of Carl O. 
Dunbar has been working for a number of years on the preparation of a 
series of correlation charts of the Paleozoic and younger rocks of North 
America. Of the projected set of twelve such charts, one, “Cretaceous Forma- 
tions of the Atlantic and Gulf Coastal Plain,’ has been published in the 
March, 1942, issue of the Bulletin of the Geological Society of America. As 
they are completed, publication of others will follow. They will be available 
either separately or in séts. 

Tectonic map of the United States—Progress is being made on the compi- 
lation of the tectonic map of the United States under the chairmanship of 
Chester R. Longwell. This map will be published by the Association and it is 
hoped that it will be ready for distribution during 1942. 

Micropaleontology—A committee under the chairmanship of Joseph A. 
Cushman is active in coordinating the work of micropaleontologists, and they 
are giving particular attention to the better correlation of oil-producing for- 
mations between North and South America. 

Deformation of the Ross Shelf ice—This is a new committee under the 
chairmanship of Walter H. Bucher which was formed for the purpose of 
studying the large numbers of aerial photographs which were taken during 
the various Byrd expeditions into the South Polar regions. Great systems of 
folded belts, rift zones, fault blocks, and other deformation—all in miniature 
—appear on these photographs. It is the purpose of the committee first to 
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prepare a detail structural map of the ice sheet to be followed by an attempt 
to interpret the data into terms of the mechanics of earth deformation. 

Cryptovolcanic commitiee—This is a new committee formed under the 
chairmanship of Charles W. Wilson, of Vanderbilt University, the purpose of 
which is to provide ways and means to core drill the center of the Wells 
Creek Basin in northwestern Tennessee, which is one of the largest and most 
perfect of the cryptovolcanic structures in the United States. 

Ecology of marine organisms.—A 52-page report of the Committee on the 
Ecology of Marine Organisms, under the chairmanship of Harry S. Ladd, 
was issued in May, 1941. About 400 copies have been distributed to interested 
persons, including many libraries. Ecology is a study of the relations of or- 
ganisms to each other and to their environment, and this report should be of 
interest to many of the members of the Association. 

A. I. LEVoRSEN, representative 


Exuipit XI. REPORT OF COMMITTEE ON GEOLOGIC 
NAMES AND CORRELATIONS 


(To be printed later) 


Exu1sBit XII. REPORT OF COMMITTEE ON APPLICATIONS OF GEOLOGY 
(To be printed later) 


EXHIBIT XIII. REPort OF COMMITTEE FOR PUBLICATION 


The committee for publication, with twenty-four members distributed 
over the United States, has been functioning since 1937. It was created by 
the Association in that year to aid the editor in obtaining a good supply of 
papers suitable for publication. Its duties are limited to soliciting prospective 
authors to prepare and submit manuscripts for publication or presentation at . 
the annual convention. 

When the committee was first organized, and until 1941, there was a 
shortage of good material for publication. During this period the committee 
was active in endeavoring to secure papers and, I believe, materially aided 
the editor. Since early 1941, however, and up to the present time, there has 
been an ample supply of papers for the Bulletin. For this reason the committee 
has been relatively inactive during the past year. 

Instead of soliciting manuscripts on various subjects, the committee has 
concentrated on urging authors to prepare Geologic Notes especially in 
reference to new discoveries. This has been only partly successful due, perhaps, 
to insufficient work on the part of the committee or to the fact that our mem- 
bership as a whole is not sold on the idea of the importance of these Geologic 
Notes. I have ..eard the criticism that News Items should be, and are, pub- 
lished in the weekly trade journals, and that since the Bulletin can not carry 
a complete news department, it should not endeavor to build up a section 
which at best could be only incomplete. 

I am inclined to disagree with this criticism and would urge a continuance 
and enlargement of Geologic Notes. Items concerning the discovery of new 
fields should be published by the Bulletin. These items should be more accu- 
rate than those in the trade journals and should stress the geologic features 
as well as the exploration techniques which led to the discovery. Such Geo- 
logic Notes are interesting and extremely valuable for future reference. 
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In conclusion it is recommended that the committee be continued. Al- 
though at present it appears to be somewhat of a non-essential, it does afford 
an organization which can immediately be put to work on advice from the 
editor that there is a shortage of material for publication. 

R. E. RETTGER, chairman 


MINUTES OF BUSINESS COMMITTEE 
COSMOPOLITAN HOTEL, DENVER, COLORADO, 
APRIL 21, 1942 


The meeting was called to order at 10:00 A.M. by A. R. Denison, chair- 
man. 

The following members were present. 

Executive committee: Ed. W. Owen, Earl B. Noble, E.O. Markham, W. A. Ver 

Wiebe 
_ Business committee: A. R. Denison, chairman; D. Perry Olcott, vice-chair- 

man; E. O. Markham, secretary 
Members-at-large: Charles H. Row (represented by Willis Storm), R. C. 

Moore, Clarence Moody, H. W. Hoots, C. E. Dobbin 
Division of Paleontology: H. V. Howe, H. B. Stenzel 
District representatives: 

Amarillo: C. Don Hughes 

Appalachian: J. R. Lockett 

Capital: L. W. Stephenson 

Dallas: W. W. Clawson (represented by Henry Cortes) 

East Oklahoma: T. E. Weirich, L. L. Foley (represented by Alex W. Mc- 

Coy), Louis Roark (represented by John L. Ferguson) 
Fort Worth: C. E. Yager 
Great Lakes: Darsie A. Green, L. E. Workman 
Houston: R. L. Beckelhymer, Carleton D. Speed, Jr., Marcus A. Hanna, 
Phil F. Martyn 

New York: Fred B. Ely (represented by W. P. Haynes) 

Pacific Coast: E. C. Edwards, R. G. Reese (represented by H. L. Driver), 
Albert Gregersen (represented by J. R. Dorrance), W. D. Kleinpell 

Rocky Mountain: C. S. Lavington 

Shreveport: C. C. Clark 

Southern Louisiana: Dean F. Metts (represented by Gordon I. Atwater) 

South Permian Basin: C. D. Vertrees 

South Texas: Stuart Mossom (represented by Leavitt Corning, Jr.) 

Tyler: George W. Pirtle 

West Oklahoma: D. A. McGee 

Wichita: John L. Garlough 

Wichita Falls: James F. Gibbs 

1. Seating of representatives—Motion was made, seconded, and carried 
that members of the business committee not present at roll call may be re- 
corded by the secretary if they report to him at the close of the session. 

2. Minutes of previous meeting.—It was moved, seconded, and carried that 
the reading of the minutes of the last meeting of the committee be dispensed 
with, as they had been published in the Bulletin, and _ the minutes of said 
meeting be adopted without change. 
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3. Report of special national service committee, Fritz L. Aurin, chairman.— 
Chairman Aurin reported as follows (see Exhibit VI on preceding pages). 

Six recommendations of the committee were presented as follows. 

(z) For the continuance of the national service committee, either as a 
special or a standing committee. 

(2) That the A.A.P.G. adopt the policy that the national service commit- 
tee has outlined in Mr. Aurin’s report in the letter which he read from Mr. 
Owen. 

(3) To give authority to the national service committee and the executive 
committee to carry out this policy which has been outlined, in any way or by 
any means, to coéperate with the Government. 

(4) To give authority to the chairman of the national service committee, if 
approved by the president of the Association, to furnish copies of the ques- 
tionnaire and the tabulation of the national service committee to the National 
Roster of Scientific Personnel and any branch of the military service, on re- 
quest. 

(5) That all members who have not sent in their questionnaires be urged 
to do so immediately. 

(6) That it be recommended to all affiliated geological societies that they 
appoint a war effort committee within their organization so that they can 
cooperate and work with the national service committee. 

Motion was made, seconded, and carried unanimously that No. 6 be ac- 
cepted and presented to the annual business meeting. 

Motion was made, seconded, and carried unanimously that No. 5 be ac- 
cepted and presented to the annual business meeting. 

After a lengthy discussion of recommendation No. 4, it was suggested by 
the chairman that some of the remaining four recommendations be rewritten 
by a committee and presented in the afternoon session; committee appointed 
was Fritz L. Aurin, Frank A. Morgan, B. B. Weatherby, R. C. Moore. 

Adjournment of the morning session was at 12:10 P.M. 


(Recess) 


The meeting was called to order at 1:45 P.M. by A. R. Denison, chairman. 

The foregoing committee reported an incorporation of recommendations 
2, 3, and 4 as follows. 

Resolved, that the American Association of Petroleum Geologists, through 
its president and the national service committee, codperate fully with the war 
effort of our country, especially in the maintenance of adequate petroleum 
reserves and in the placement of technically trained personnel so as best to 
serve the requirements of the armed forces, governmental agencies, and vari- 
ous branches of essential industry. We propose that the statement of policy 
give the president and the national service committee authority to carry out 
the policy and to furnish to governmental agencies any information desired. 

Motion was made, seconded, and carried that this resolution be accepted 
and presented to the annual business meeting. 

It was moved, seconded, and carried that we commend the work of the 
national service committee and recommend to the executive committee that 
a similar committee be appointed for the ensuing year, and that this be pre- 
sented as a recommendation to the annual business meeting. 

4. Report of informal committee to aid affiliated societies in their local pro- 
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grams, John L, Ferguson, chairman.—The chairman presented his report as 
follows (see Exhibit VII). 

A recommendation in two parts was presented as follows. 

A. That the executive committee set up a distinguished lecture committee 
of five members to secure speakers for local affiliated society meetings. 

B. That the executive committee advance to the chairman of this dis- 
tinguished lecture committee a sum of $500 as a revolving fund, to pay speak- 
ers’ expenses in advance, the amount used to be refunded by the local societies. 

Motion was made, seconded, and carried unanimously that this be ac- 
cepted and presented to the annual business meeting. 

5. Report of special committee on college curricula in geology, F. H. Lahee, 
chairman (Exhibit VIIT)—Your committee on college curricula in petroleum 
geology presents herewith its annual report for your approval. This report 
summarizes the conclusions reached by the committee in its investigations 
made during the year just passed. In view of the fact that this report may be 
published and because there is likely to be considerable interest among col- 
leges in the suggestions offered in it, we wish to recommend that the same 
committee, with the same personnel, be reappointed for another year to serve 
in an advisory capacity for questions which may arise and in order to be 
available for further service to geological departments where students are 
trained for petroluem geology. 

After the reading of the report it was moved, seconded, and carried 
unanimously that this report and its recommendations be accepted and pre- 
sented to the annual business meeting. 

6. Report of research committee, A. I. Levorsen, chairman (Exhibit IX).— 
After the presentation of this report it was moved, seconded, and carried that 
the report be accepted and referred to the annual business meeting, with the 
recommendation that it be not read but that it be published in the Bulletin. 

7. Report of representative to the Division of Geology and Geography, Na- 
tional Research Council, A. I. Levorsen (Exhibit X).—After the presentation 
of this report it was moved, seconded, and carried that the report be accepted 
and referred to the annual business meeting, with the recommendation that it 
be not read but that it be published in the Bulletin. 

8. Report of committee on geologic names and correlations, John G. Bartram, 
chairman (Exhibit XI).—After presentation of this report it was moved, sec- 
onded, and carried that the report be accepted and referred to the annual 
business meeting, with the recommendation that it be published in the Bulle- 
tin. 

9. Report of committee on applications of geology, Paul Weaver, chairman 
(Exhibit XII).—After presentation of this report it was moved, seconded, and 
carried that the report be accepted and referred to the annual business meet- 
ing, with the recommendation that it be published in the Bulletin. 

10. Report of committee for publication, Robert E. Rettger, chairman (Ex- 
hibit XIII).—After presentation of this report it was moved, seconded, and 
carried that the report be accepted and referred to the annual business meeting 
of the Association, with the recommendation that it be not read but that it be 
published in the Bulletin. 

11. New business 

J. R. Lockett offered the following resolution. 

Resolved, that the by-laws of the Association be amended by the addition 
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of a paragraph under Section 2, Article I, to read as follows: ‘‘During any 
period in which the United States is actually engaged in war and for a period 
of one year thereafter the executive committee may at its discretion suspend, 
reduce, or waive annual dues to members or associate members serving in the 
armed forces of the United States or any allied country without otherwise af- 
fecting their membership except that they shall not receive the Bulletin during 
a period for which no dues are paid.” 
An amendment was offered by John L. Ferguson to strike out the words 
. except that they shall not receive the Bulletin during a period for which 
no dues are paid.” 

Motion was made and seconded that the above amendment be made. The 
motion failed to carry on a show of hands. 

Motion was made, seconded, and carried that the seins as originally 
read be accepted and that it be presented to the annual business meeting. 

The research committee, through Frank R. Clark, requested approval to 
present a resolution to the annual business meeting. As described by Mr. 
Clark, this resolution would be sent to the executive committee of the Ameri- 
can Petroleum Institute, urging them to sponsor their geologic research com- 
mittee’s project now under consideration by them. Without having the text 
of such a resolution it was moved, seconded, and carried that approval be 
given to the research committee to present such a resolution to the annual 
business meeting. 

The resolution later submitted is as follows. 

The American Association of Petroleum Geologists endorses the geologic 
project known as “‘The Transformation of Organic Material into Petroleum”’ 
and urges that it be included in the research program of the American Petrol- 
eum Institute. This Association, which includes in its membership most of the 
geologists who are the oil finders of the industry, believes that the increasing 
difficulty experienced in discovering important new fields makes it vital to 
furnish the geologists with all the help modern science can render, and that 
without new knowledge to apply to the search for oil, that search will steadily 
decline in effectiveness. The proposed project, formulated after careful con- 
sideration of the types of new knowledge most likely to increase success in the 
search for oil, is urged as a measure of security and of economy.” 


A. R. DENISON, chairman Epmonp O. MARKHAM, secretary 
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PETROLEUM GEOLOGISTS 


CONSTITUTION! 


ARTICLE I. NAME 


This Association shall be called ““The American Association of Petroleum 
Geologists,”’ incorporated under the laws of Colorado the 21st day of April, 
1924, for a period of twenty (20) years. 


ARTICLE II. OBJECT 


The object of this Association is to promote the science of geology, es- 
pecially as it relates to petroleum and natural gas; to promote the technology 
of petroleum and natural gas and to encourage improvements in the methods 
of exploring for and exploiting these substances; to foster the spirit of scien- 
tific research amongst its members; to disseminate facts relating to the geology 
and technology of petroleum and natural gas; to maintain a high standard of 
professional conduct on the part of its members; and to protect the public 
from the work of inadequately trained and unscrupulous persons posing as 
petroleum geologists. 

ARTICLE III. MEMBERSHIP 


Members 


SECTION 1. Any person engaged in the work of petroleum geology or in 
research pertaining to petroleum geology or technology is eligible to active 
membership, provided he is a-graduate of an institution of collegiate standing, 
in which institution he has done his major work in geology, or in sciences 
fundamental to petroleum geology, and in addition has had the equivalent of 
three years’ experience in petroleum geology or in the application of these 
other sciences to petroleum geology or to research in petroleum geology or 
technology; and provided further that in the case of an applicant for member- 
ship who has not had the required collegiate or university training, but whose 
standing in the profession is well recognized, he shall be admitted to member- 
ship when his application shall have been favorably and unanimously acted 
upon by the executive committee; and provided further that these require- 
ments shall not be construed to exclude teachers and research workers in 
recognized institutions, whose work is of such character as in the opinion of 
the executive committee shall qualify them for membership. 

Active members alone shall be known as members. 


Life Members 


SECTION 2. The executive committee may grant life membership to mem- 
bers who have paid their dues and are otherwise qualified. 


Associates 


SECTION 3. Any person having completed as much as thirty hours of geol- 
ogy (an hour shall here be interpreted as meaning as much as sixteen recita- 
tion or lecture periods of one hour each, or the equivalent in laboratory) in a 


1 The constitution and by-laws were adopted 1918, and amended 1921, 1922, 1923, 
1925, 1927, 1928, 1929, 1930, 1932, 1933, 1935, 1936, 1939, 1940, and 1942. 
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reputable institution of collegiate or university standing, or who has done 
field work equivalent to this, is eligible to associate membership, provided at 
the time of his application for membership he shall be engaged in geological 
studies in an institution of collegiate or university standing, or shall be en- 
gaged in petroleum geology; and any person who is a graduate of an institu- 
tion of collegiate standing in which he has done his major work in sciences 
fundamental to petroleum geology or petroleum technology, and who has the 
equivalent of one year’s experience in the application of his science to the 
study of petroleum geology, shall be eligible to associate membership, pro- 
vided at the time of his application for membership he shall be engaged in 
investigations in the broader subject of petroleum geology and technology. 

Associate members shall be known as associates. 

Associates shall enjoy all the privileges of membership in the Association, 
save that they shall not hold office, sign applications for membership, or vote; 
neither shall they have the privilege of advertising their affiliation with the 
Association in professional cards or professional reports or otherwise. 

The executive committee may advance to active membership, without 
the formality of application for such change, those associates who have, sub- 
sequent to election, fulfilled the requirements for active membership. 


Election to Membership 


SECTION 4. Every candidate for admission as a member or associate shall 
submit a formal application on an application form authorized by the execu- 
tive committee, signed by him, and endorsed by not less than three members 
who are in good standing, stating his training and experience and such other - 
facts as the executive committee shall from time to time prescribe. Provided 
the executive committee, after due consideration, shall judge that the appli- 
cant’s qualifications meet the requirements of the constitution, they shall 
cause to be published in the Bulletin the applicant’s name and the names of 
his sponsors. If, after at least thirty days have elapsed since such publication, 
no reason is presented why the applicant should be not admitted, he shall be 
deemed eligible to membership or to associate membership, as the case may 
be, and shall be notified of his election. 

SECTION 5. An applicant for membership, on being notified of his election 
in writing, shall pay full membership dues for the current year and on making 
such payment shall be entitled to receive the entire Bulletin for that year. 
Unless payment of dues is made within thirty (30) days by those living within 
the continental United States and within ninety (90) days by those living 
elsewhere, after notice of election has been mailed, the executive committee 
may rescind the election of the applicant. Upon payment of dues, each appli- 
cant for membership shall be furnished with a membership card for the cur- 
rent year, and until such written notice and card are received, he shall in no 
way be considered a member of the Association. 


Honorary Members 


SECTION 6. The executive committee may from time to time elect as hon- 
orary members persons who have contributed distinguished service to the 
cause of petroleum geology. Honorary members shall not be required to pay 
dues. 
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ARTICLE IV. OFFICERS AND THEIR DUTIES 


Officers 


SECTION 1. The officers of the Association shall be a president, a vice- 
president, a secretary-treasurer, and an editor. These, together with the past- 
president, shall constitute the executive committee and managers of the 
Association. 

SECTION 2. The officers shall be elected annually from the Association at 
large by written ballot deposited in a locked ballot box by those members, 
present at the annual meeting, who have paid their current dues and are 
otherwise qualified under the constitution. Each candidate, when voted for 
as a candidate for the particular office for which he is nominated, shall be 
thereby automatically voted for as a candidate for the executive committee 
for one year, except that candidates for the presidency shall be automatically 
voted for as candidate for the executive committee for two years. 

SECTION 3. No one shall hold the office of president for two consecutive 
years and no one shall hold any other office for more than two consecutive 
years except the editor who shall not hold office for more than six consecutive 
years. 

Duties of Officers 


SECTION 4. The president shall be the presiding officer at all meetings of 
the Association, shall take cognizance of the acts of the Association and of its 
officers, shall appoint such committees as are required for the purposes of the 
Association, and shall delegate members to represent the Association. He 
may, at his option, serve on, and may be chairman of, any committee. 

SECTION 5. The vice-president shall assume the office of president in case 
of a vacancy from any cause in that office and shall assume the duties of presi- 
dent in case of the absence or disability of the latter. If the past-president 
shall for any reason be unable to serve as a member of the executive com- 
mittee, the president shall fill the vacancy by the appointment of the next 
available preceding past-president. 

A vacancy or disability occurring in the office of vice-president, secretary- 
treasurer, or editor shall be filled by majority vote of the executive com- 
mittee, either for the unexpired term or for the period of disability, as the 
committee may decide. In the case of a tie, the president shall cast the 
deciding vote. 

SECTION 6. The secretary-treasurer shall assume the duties of president 
in case of the absence of both the president and vice-president. He shall have 
charge of the financial affairs of the Association and shall annually submit 
reports as secretary-treasurer covering the fiscal year. He shall receive all 
funds of the Association, and, under the direction of the executive committee, 
shall disburse all funds of the Association. He shall cause an audit to be pre- 
pared annually by a public accountant at the expense of the Association. He 
shall give a bond, and shall cause to be bonded all employees to whom author- 
ity may be delegated to handle Association funds. The amount of such bonds 
shall be set by the executive committee and the expense shall be borne by 
the Association. The funds of the Association shall be disbursed by check as 
authorized by the executive committee. 

SECTION 7. The editor shall be in charge of editorial business, shall submit 
an annual report of such business, shall have authority to solicit papers and 
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material for the Bulletin and for special publications, and, with the approval 
of the executive committee, may accept or reject material offered for publica- 
tion. He may appoint associate, regional, and special editors. 

SECTION 8. The officers shall assume the duties of their respective offices 
immediately after the annual meeting in which they are elected. 


ARTICLE V. EXECUTIVE COMMITTEE—MEETINGS AND DUTIES 
Executive Committee 


SECTION 1. The executive committee shall consist of the president, past- 
president, vice-president, secretary-treasurer, and editor. 


Meetings and Duties 


SECTION 2. The executive committee shall meet immediately preceding 
the annual meeting and at the call of the president may hold meetings when 
and where thought advisable, to conduct the affairs of the Association. A 
joint meeting of the outgoing and incoming executive committees shall be 
held immediately after the close of the annual Association business meeting. 
Members of the executive committee may vote by proxy on matters which 
require a unanimous vote. 

SECTION 3. The executive committee shall consider all nominations for 
membership and pass on the qualifications of the applicants; shall have con- 
trol and management of the affairs and funds of the Association; shall de- 
termine the manner of publication and pass on the material presented for 
publication; and shall designate the place of the annual meeting. They are 
empowered to establish a business headquarters for the Association, and to 
employ such persons as are needed to conduct the business of the Associa- 
tion. They are empowered to accept, create, and maintain special funds for 
publication, research, and other purposes. They are empowered to make 
investments of both general and special funds of the Association. Trust funds 
may be created, giving to the trustees appointed for such purpose, such direc- 
tion as to investments as seems desirable to the executive committee to 
accomplish any of its objects and purposes, but no such trust funds shall be 
created unless they are revocable upon ninety (90) days’ notice. 


ARTICLE VI. MEETINGS 


The Association shall hold at least one stated meeting each year, which 
shall be the annual meeting. This meeting shall be held in March or April at 
a time and place designated by the executive committee. At this meeting the 
election of members shall be announced, the proceedings of the preceding 
meeting shall be read, Association business shall be transacted, scientific pa- 
pers shall be read and discussed and officers for the ensuing year shall be 


elected. 


ARTICLE VII. AMENDMENTS 


Amendments to this constitution may be proposed by a resolution of the 
executive committee, by a constitutional committee appointed by the presi- 
dent, or in writing by any ten members of the Association. All such resolutions 
or proposals must be submitted at the annual meeting of the business com- 
mittee of the Association as provided in the by-laws, and only the business 
committee shall make recommendations concerning proposed constitutional 
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changes at the annual Association business meeting. If such recommendations 
by the business committee shall be favorably acted on at the annual Associa- 
tion business meeting, the secretary-treasurer shall arrange for a ballot of the 
membership by mail within thirty (30) days after said annual Association 
business meeting, and a majority vote of the ballots received within ninety 
(90) days of their mailing shall be sufficient to amend. The legality of all 
amendments must be determined by the executive committee prior to 
balloting. 


BY-LAWS 
ARTICLE I. DUES 


SECTION 1. The fiscal year of the Association shall correspond with the 
calendar year. 

SECTION 2. The annual dues of members of the Association shall be ten 
dollars ($10.00). The annual dues of associates for not to exceed three years 
after election shall be six dollars ($6.00); for the second three-year period 
eight dollars ($8.00); thereafter, the annual dues of such associates shall be 
ten dollars ($10.00). The annual dues are payable in advance on the first day 
of each calendar year. A bill shall be mailed to each member and associate 
before January first of each year, stating the amount of the annual dues and 
the penalty and conditions for default in payment. Members or associates 
who shall fail to pay their annual dues by April first shall not receive copies 
of the April Bulletin or succeeding Bulletins, nor shall they be privileged to 
buy Association special publications at prices made to the membership, until 
such arrears are met. 

During any period in which the United States is actually engaged in war 
and for a period of one year thereafter, the executive committee may at its 
discretion suspend, reduce, or waive annual dues to members or associate 
members serving in the armed forces of the United States or any allied coun- 
try, without otherwise affecting their membership, except that they shall not 
receive the Bulletin during a period for which no dues are paid. 

SECTION 3. On the payment of two hundred dollars ($200.00) any member 
in good standing shall be declared a life member and thereafter shall not be 
required to pay annual dues. The funds derived from this source shall be 
placed in a permanent investment, the income from which shall be devoted 
to the same purposes as the regular dues. 


ARTICLE II. RESIGNATION—SUSPENSION—EXPULSION 


SECTION 1. Any member or associate may resign from the Association at 
any time. Such resignation shall be in writing and shall be accepted by the 
executive committee, subject to the payment of all outstanding dues and 
obligations of the resigning member or associate. 

SECTION 2. Any member or associate who is more than a year delinquent 
(in arrears) in payment of dues shall be suspended from the Association. Any 
delinquent or suspended member or associate, at his own option, may request 
in writing that he be dropped from the Association and such request shall be 
granted by the executive committee. Any member or associate more than two 
years in arrears shall be dropped from the Association. The time of payment 
of delinquent dues for either one year or two years may be extended by 
unanimous vote of the executive committee. 
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SECTION 3. Any member or associate who resigns or is dropped under the 
provisions of Sections 1 and 2 of this article ceases to have any rights in the 
Association and ceases to incur further indebtedness to the Association. 

SECTION 4. Any person who has ceased to be a member or associate under 
Section 1 or Section 2 of this article may be reinstated by unanimous vote 
of the executive committee subject to the payment of any outstanding dues 
and obligations which were incurred, prior to the date when he ceased to be 
a member or associate of the Association. 

In the case of any member or associate who has been dropped between 
the dates of January 1, 1931, and January 1, 1936, for non-payment of dues 
and who shall apply for reinstatement, the executive committee is authorized, 
at its discretion, to accept the resignation of such member or associate effec- 
tive at any date during such period of delinquency, provided, the member 
shall pay all indebtedness to the Association incurred prior to the date of 
such resignation including a proper proportion of annual dues as shall be 
fixed by the executive committee. Such member or associate shall not be 
entitled to receive the Bulletin for any period subsequent to the date when 
his resignation became effective and prior to his reinstatement. 

SECTION 5. Any member or associate who, after being granted a hearing 
by the executive committee, shall be found guilty of a violation of the code 
of ethics of this Association or shall be found guilty of a violation of the estab- 
lished principles of professional ethics, or shall be found guilty of having made 
a false or misleading statement in his application for membership in the 
Association, may be suspended or expelled from the Association by unani- 
mous vote of the executive committee. The decision of the executive com- 
mittee in all matters pertaining to the interpretation and execution of the 
provisions of this section shall be final. 


ARTICLE III. PUBLICATIONS 
SECTION 1. The proceedings of the annual meeting and the papers pre- 
‘sented at such meeting shall be published at the discretion of the executive 
committee in the Association Bulletin or in such other form as the executive 
committee may decide best meets the needs of the membership of the Asso- 
ciation. 

SECTION 2. The payment of annual dues for any fiscal year entitles the 
member or associate to receive without further charge a copy of the Bulletin 
of the Association for that year. 

SECTION 3. The executive committee may authorize the printing of special 
publications to be financed by the Association from its general, publication, 
or special funds and offered for sale to members and associates in good stand- 
ing at not less than cost of publication and distribution. 


ARTICLE IV. REGIONAL SECTIONS, TECHNICAL DIVISIONS, 
AND AFFILIATED SOCIETIES 


SECTION 1. Regional sections of the Association may be established pro- 
vided the members of such sections are members of the Association and shall 
. perfect an organization and make application to the executive committee. 
The executive committee shall submit the application to a vote at a regular 
annual meeting, an affirmative vote of two-thirds of the members present and 
voting being necessary for the establishment of such a section; and pro- 
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vided that the Association may revoke the charter of any regional section 
by a vote of two-thirds of the members present and voting at a regular annual 
meeting. 

SECTION 2. Technical divisions may be established, provided the members 
interested shall perfect an organization and make application to the executive 
committee. The executive committee shall submit the application to a vote 
at a regular meeting, an affirmative vote of two-thirds of the membership 
present and voting being necessary for the establishment of such a division. 
In like manner, the Association may dissolve a division by an affirmative vote 
of two-thirds of the members present and voting at any annual meeting. A 
technical division may have its own officers, and it may have its own constitu- 
tion and by-laws provided that, in the opinion of the executive committee, 
these do not conflict with the constitution and by-laws of the Association. 
The executive committee shall be empowered to make arrangements with the 
officers of the division for the conduct of the business of the division. A divi- 
sion may admit to affiliate membership in the division specially qualified 
persons who are not eligible to membership in the Association. Technical 
divisions may affiliate with other scientific societies, with the approval of the 
executive committee. 

SECTION 3. Subject to the affirmative vote of two-thirds of the member- 
ship present and voting at an annual meeting, and with legal advice, the ex- 
ecutive committee may arrange for the affiliation with the Association of duly 
organized groups or societies, which by objects, aims, constitution, by-laws, 
or practice are developing the study of geology or petroleum technology. In 
like manner and with like advice, the executive committee may arrange con- 
ditions for dissolution of such affiliations. Affiliation with the Association need 
not prevent affiliation with other scientific societies. Members of affiliated 
societies who are not members of the Association, shall not have the privilege 
of advertising their affiliation with the Association on professional cards or 
otherwise. 


ARTICLE V. DISTRICT REPRESENTATIVES 


The executive committee shall cause’to be elected district representatives 
from districts which it shall define by a local geographic grouping of the mem- 
bership. Such districts shall be redesignated and redefined by the executive 
committee as often as seems advisable. Each district shall be entitled to one 
representative for each seventy-five members, but this shall not deprive any 
designated district of at least one representative. The representatives so ap- 
portioned shall be chosen from the membership of the district by a written 
ballot arranged by the executive committee. They shall hold office for two 
years, their term of office expiring at the close of the annual meeting. 


ARTICLE VI. COMMITTEES 


Appointment and Tenure 


SECTION 1. There shall be the following standing committees: business 
committee; research committee; committee on geologic names and correla- 
tions; committee on applications of geology; committee for publication; 
finance committee; trustees of revolving publication fund; and trustees of 
research fund. 
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The president shall appoint all standing committees except the business 
committee for which provision is hereafter made. Members of all committees 
except the business committee shall serve for a three-year term, but in rota- 
tion, with one-third of the members being appointed each year. The president 
shall designate the chairmen, annually, shall have power to fill vacancies, 
and shall notify the members of the committees of their appointment. The 
president may designate one or more vice-chairmen annually. 

In addition to the aforesaid standing committees, the president shall 
appoint annually or semiannually a resolutions committee, and such special 
committees as the executive committee may authorize. Special committees 
shall be appointed for a term of one year. The president shall designate 
the chairmen of such committees. 


Business Committee 


SECTION 2. The business committee shall act as a council and advisory 
board to the executive committee and the Association. This committee shall 
consist of the executive committee, not more than five members at large 
appointed annually by the president, two members elected by and from each 
technical division, and the district representatives. The president shall also 
appoint annually a chairman and a vice-chairman, but neither of these 
need be one of those otherwise constituting the business committee. The secre- 
tary-treasurer shall act as secretary of the business committee. If a district 
or technical representative is unable to be present at any meeting of the 
committee he may designate an alternate, who, in the case of a district repre- 
sentative, may or may not bea resident of the district he is asked to represent, 
and the alternate, on presentation of such a designation in writing, shall have 
the same powers and privileges as a regularly chosen representative. The busi- 
ness committee shall meet the day before the annual meeting at which all 
proposed changes in the constitution or by-laws shall be considered, all old 
and new business shall be discussed, and recommendations shall be voted 
for presentation at the annual meeting. 


Research Committee 


SECTION 3. The purpose of the research committee is the advancement of 
research, particularly within the field of petroleum geology. The committee 
shall consist of twenty-four members unless a different number is authorized 
by the executive committee. 


Committee on Geologic Names and Correlations 


SECTION 4. The purpose of the committee on geologic names and correla- 
tions is to lend assistance to authors on problems of stratigraphy and nomen- 
clature and to advise the editor and executive committee in regard to the 
propriety of the use of stratigraphic names and correlations in papers sub- 
mitted for publication by the Association. The committee shall consist of 
fifteen members unless a different number is authorized by the executive 
committee. 


Committee on Applications of Geology 


SECTION 5. The object of the committee on applications of geology is to 
advise and promote ways and means for informing the general public on all 
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phases of geology, particularly on the natural occurrence of oil and gas 
underground, the methods of searching for these substances, and the methods 
of exploiting them. The committee shall consist of twelve members unless 
a different number is authorized by the executive committee. 


Committee for Publication 


SECTION 6. The purpose of the committee for publication is to assist in 
securing desirable manuscripts for publication in the Bulletin or other publi- 
cations of the Association. The committee may also assist in securing papers 
for delivery at the annual meetings. The committee shall consist of twenty- 
four members unless a different number is authorized by the executive 
committee. 

Finance Committee 


SECTION 7. The finance committee shall act as financial advisers to the 
executive committee. The committee shall consist of three members. If a 
member of the finance committee should be elected to the executive com- 
mittee he shall resign from the finance committee and the president shall 
appoint a member of the Association to complete his unexpired term. 


Trustees of Revolving Publication Fund 


SECTION 8. Before any publication project shall be undertaken with the 
use of the revolving publication fund the approval of the trustees and the 
executive committee must be secured. There shall be three trustees. If a 
trustee should be elected to the executive committee he shall resign as a 
trustee and the president shall appoint a member of the Association to com- 
plete his unexpired term. 


Trustees of Research Fund 


SECTION 9. Before any research work may be undertaken with the use of 
money from the research fund, the approval of the trustees and the executive 
committee shall be secured. There shall be three trustees. If a trustee shall 
be elected to the executive committee he shall resign as a trustee and the 
president shall appoint a member of the Association to complete his unexpired 
term. 

Resolutions Committee 

SECTION 10. The resolutions committee shall be charged with the duty of 
presenting at the annual and semi-annual meetings resolutions expressing 
the Association’s appreciation and thanks to those who have worked and 
contributed to the success of the meetings. 


ARTICLE VII. AMENDMENTS 


These by-laws may be amended by vote of three-fourths of the members 
present and voting at any annual meeting, provided that such changes shall 
have been recommended to the meeting by the business committee and pro- 
vided that their legality shall be determined by the executive committee 
prior to publication. 
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AT HOME AND ABROAD 


CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


ErRNEsT K. Parks has been elected chairman of the Pacific Coast district 
of the Division of Production of the American Petroleum Institute. 


H. C. ARNOLD, vice-president in charge of land and geological departments 
of the British-American Oil Producing Company, Tulsa, Oklahoma, has been 
advanced to the position of executive vice-president, succeeding W. K. 
WHITEFORD, who is now president. 


E. W. Harp has obtained a leave of absence from the Sun Oil Company 
to become associated with the Board of Economic Warfare at Washington, 
Dac, 


Frep F. Koryza, recently with the Tide Water Associated Oil Company 
at Midland, Texas, is district geologist with the Fullerton Oil Company at 
Hobbs, New Mexico. 


Keiru A. YENNE, recently with the Shell Oil Company, Inc., has accepted 
a position with the U. S. Coast and Geodetic Survey for the duration of the 
war. His home address is Nada Court Apartments, Fort Morgan, Colorado. 


K. L. WALTER, of the Sinclair Wyoming Oil Company, Casper, Wyoming, 
addressed the Rocky Mountain Association of Petroleum Geologists at Den- 
ver, April 6, on “Geology and Oil Developments of Western Cuba.” 


JouNNY Moorueap, of the Continental Oil Company, has been commis- 
sioned as Ensign in the U. S. Naval Reserve. His home address is 1005 
Eleventh Street, Wichita Falls, Texas. 


Witi1aAM M. KrvM, recently with the Petty Geophysical Engineering 
Company, at San Antonio, is with Rogers-Ray, Inc., Gulf Building, Houston, 
Texas. 


Paut B. Fante has left the Pilgrim Exploration Company, Houston, 
Texas, to accept a position as geologist with The Pure Oil Company, New 
Orleans district office. 


E. K. Episton, formerly employed by T. C. Johnson, is chief geologist 
for Luther Mackall, Wichita, Kansas. 


The California Institute of Technology announces the appointment of 
Boris Larminc, of The Texas Company laboratories, to teach the course in 
micropaleontology for the spring term of «942. Laiming is substituting for 
RoBert M. KLeEINPELL, who was on leave of absence with the National De- 
velopment Company of the Philippine Commonwealth and who has not 
been heard from since the fall of Manila. 


J. M. Kirsy, for many years associated with Standard Oil Company of 
California, recently became chief geologist, Standard Oil Company of British 
Columbia Limited, with headquarters at 7oo Lancaster Building, Calgary, 
Alberta. 
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A. E. Cattnart has been appointed chief geologist of the Comodoro Ri- 
vadavia district (Chubut, Argentina) of the Y. P. F. Company (Argentine 
Government Oil Fields). 


O. F. Evans, associate professor of geology, Oklahoma University, gave 
a paper, “‘The Origin of Beach Structures,” before the Shawnee Geological 
Society, Shawnee, Oklahoma, at the March meeting. 


C. K. Lerru, of the University of Wisconsin, at present adviser to the 
Materials Division of the United States War Production Board, has been 
giving a series of ten lectures under the auspices of the Division of Geology 
and Geography of Columbia University, entitled ‘Minerals in Peace and 
War.” 


GLENN W. DirswortH, geologist for The Texas Company at Shawnee, 
Oklahoma, has been made resident geologist for the same company at Salem, 
Illinois. 


RAYMOND RoBBINS, geologist for The Texas Company at Mattoon, II- 
linois, has been transferred to Denver, Colorado. 


A. I. LeEvorsEN of Tulsa visited the University of Michigan, February 
24-26, and gave lectures on the following subjects: “Petroleum Reserves 
and Discovery,” ‘““The Petroleum Geologist,” ‘Some Frontiers of Petroleum 
Geology,” ‘‘Paleogeology.”’ 


J. Brian Esy, geologist in the Sterling Building, Houston, for the past 13 
years, has changed his location to 604 Esperson Building, Houston, Texas. 


Joun W. Brice, recently stationed at Caracas with the Standard Oil 
Company of Venezuela, has been elected vice-president and director of the 
Carter Oil Company, Tulsa, to be in executive charge of exploration, research, 
and the manufacture of specialized equipment. 


E. Ftoyp MIter, chief geologist for the Oliphant Oil Corporation, has 
moved from Shreveport, Louisiana, to open a company office at San Antonio, 
Texas. 


I. Curtis Hicks, for many years with KENNETH A. ELLISON, consulting 
geologist, has joined the geological department of the Phillips Petroleum 
Company, Oklahoma City, Oklahoma. 


H. P. WELLs, Jr., recently with the Houston Oil Company, is in the army. 
His home address is 220 Minnesota Avenue, Buffalo, New York. 


T. E. Werricu, of the Phillips Petroleum Company, Bartlesville, Okla- 
homa, was chairman of the annual symposium of the Gamma Chapter of the 
Sigma Gamma Epsilon fraternity at the University of Oklahoma, Norman, 
last March. The symposium was held as a memorial to the late RoBert T. 
HIL1, the subject being, ‘“The Comanche of Kansas, Oklahoma, and Texas.” 
Speakers were CHARLES N. GouLp, GAYLE Scott, J. W. STOVALL, NORMAN 
PLUMMER, WARREN B. WEEKS. 


WITHERS CLAY, mining engineer and consulting geologist in the tri-state 
area since 1937, has moved to 638 South Fares Avenue, Evansville, Indiana, 
to continue consulting work and wildcatting. 


| 
i 


AT HOME AND ABROAD 965 


WALTER H. Bucuer, professor of geology at Columbia University, New 
York City, gave a series of lectures on “The Mechanics of Crustal Deforma- 
tion,” and related subjects before several geological societies in the south 
Mid-Continent the past spring. 


James TERRY Duce has changed his address from the California-Arabian 
Oil Company, San Francisco, to director of Foreign Division, Office of Pe- 
troleum Coordinator for National Defense, New Interior Building, Washing- 
ton; 


EvcEne I. Eart has resigned his position with Fohs Oil Company to be- 
come chief geologist with the Crown Central Petroleum Corporation, 831 
Neils Esperson Building, Houston, Texas. 


At the Shreveport Geological Society’s dinner meeting held Monday 
night, March 16, at the Caddo Hotel, GEorRGE SCHNEIDER, with The Texas 
Company, New Orleans, Louisiana, gave a discussion on “‘The Rate of Dis- 
coveries of Fields in South Louisiana.” There were seventy members in 
attendance. 


Joun H. Maxson is on leave from the California Institute of Technology, 
Pasadena, and is a captain in the Air Corps, ‘Air Intelligence School, Har- 
risburg, Pennsylvania. 


GLENN GALBREATH, recently in consulting work in Illinois, is with the 
125th Observation Squadron. His home address is 2808 South Cincinnati 
Avenue, Tulsa, Oklahoma. 


Don D. Montcome_ry, consulting geologist, is in the Ordnance Depart- 
ment of the Army. His home address is 303 Peach Street, El Dorado, 
Arkansas. 


Epwarp W. Jounson, recently with the Ohio Oil Compnay at Falls City, 
Nebraska, is in the U. S. Signal Corps. His home address is 604 Central Ave- 
nue, Fairbault, Minnesota. 


Cuar-Es C., Bates, of the Carter Oil Company, recently in Nebraska, is 
in a Field Artillery Observation Battalion. 


West TEXAS GEOLOGICAL SOCIETY SPRING FIELD Trip, May 23-24 


The West Texas Geological Society will hold its Spring Field Trip in the 
vicinity of El Paso. M. L. THompson of the New Mexico School of Mines, 
Socorro, New Mexico, is leader. Those going on the trip are registering at the 
Hilton Hotel, El Paso, Friday night, May 22. The first day of the trip, 
Saturday, May 23, will be spent east of El Paso in the vicinity of the Hueco 
Mountains; returning to El Paso, the party will proceed to Hot Springs, 
New Mexico, for the night. Sunday, May 24, will be spent in the San Andres 
Mountains, in the region of Rhodes Canyon. 

The purpose of the trip will be to study the Pennsylvanian-Permian 
contact and its relationship to the underlying Pennsylvanian and overlying 
marine Wolfcamp. A study of the Yeso formation and the type section of the 
San Andres limestone will also be included. 

Committee chairmen are: general, C. L. CHasE; transportation, C. M. 
LinEuAN; hotel arrangements, J. HARVEY HERD; publicity, FRANK GARDNER. 
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C. M. Linenan, Standard Oil Company of Texas, Midland, Texas, is arrang- 
ing reservations. The registration fee, probably not more than $7.00, includes 
bus transportation and road log. 


RECRUITING CONTINUES FOR TECHNOLOGISTS 


About a year ago the Federal Civil Service Commission began a recruit- 
ing drive for technologists. The number of persons on the employment lists 
now established is not sufficient for today’s wartime needs. Accordingly, the 
Commission has recently reissued the announcement of these opportunities 
for Government employment with slightly modified requirements. Salaries 
for the positions range from $2,000 to $5,600 a year. Applications may be 
filed until further notice with the Commission’s Washington office. 

By technologist the Commission means a person experienced in ‘‘the 
necessary production, engineering, and scientific research work essential for 
the successful operation of an industrial plant, where such plant operation 
is based upon a thorough and expert knowledge of a branch of an applied 
science,” such as explosives, fuels, plastics, rubber, minerals, or textiles. 

For the Junior positions ($2,000 a year), applicants will no longer have 
to take a written test, and, as before, no written test will be given for the 
higher positions. The maximum age limit for all the grades has been raised to 
60 years. 

Copies of the announcement (No. 188), and the forms for applying, may 
be obtained at first- and second-class post offices, or from the Civil Service 
Commission, Washington, D. C. 


Coast PAMPHLETS 


The Houston Geological Society has a supply of the two pamphlets it 
published in connection with the 26th annual meeting of the Association in 
April, 1941. It is the desire of the Society that these be distributed for the 
benefit of members and others interested, particularly to colleges and other 
educational institutions. An Introduction to Gulf Coast Geology contains 22 
pages, including a regional s500-foot contour map drawn on the Heterostigina 
zone, an illustrated page of guide fossils, and structural maps and cross sec- 
tions of all types of fields on the Gulf Coast. The Guide for Field Trips con- 
tains 28 pages with maps and sections of 11 fields. These scientific publica- 
tions are 8.5X11 inches in size, and are attractively printed with paper 
covers. The two will be mailed together upon receipt of 10 cents, total, to 
cover mailing costs. Address requests to A.A.P.G., Box 979, Tulsa, Oklahoma, 
or Wayne Z. Burkhead, secretary, Houston Geological Society, Union Oil 
Company of California, 1134 Commerce Building, Houston, Texas. 


Francis P. SHEPARD is at the Scripps Institution of Oceanography, La 
Jolla, California. 


NEWELL M. WILDER is a 1st Lieutenant in the army. He may be addressed 
at 134 Elizabeth Road, San Antonio, Texas. 


Following the business session, JoHN S. Ivy of Houston, Texas, presented 
a paper on “The Tinsley Field” before the Shreveport Geological Society, 
Shreveport, Louisiana, May 4. 
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E. B. Dana is now employed by the North Basin Pools Engineering Com- 
mittee, Box 1851, Midland, Texas, as a geologist. 


LEON Epear Fitts, JRr., has entered the armed forces of the United States. 
He may be addressed in care of the Sinclair Prairie Oil Company, Tulsa, 
Oklahoma. 


The South Texas Geological Society elected the following officers for the 
1942-1943 term: president, W. W. HAmMonD, Magnolia Petroleum Company, 
San Antonio, Texas; vice-president, J. M. Hancock, Southern Minerals 
Corporation, Corpus Christi, Texas; and secretary-treasurer, WM. H. Curry, 
Wellington Oil Company, San Antonio, Texas. 


A. I. LEvorsEN, consulting geologist of Tulsa, a past-president of The 
American Association of Petroleum Geologists, and chairman of its active 
research committee, had conferred upon him by the Colorado School of Mines 
the honorary degree of Doctor of Engineering on the occasion of the annual 
commencement at Golden, May 1. Levorsen gave the commencement ad- 
dress, ‘‘The Petroleum Geologist and Engineer,” before a graduating class of 
157. 

F. M. GeETzENDANER, having reached retirement age, Febuary 1, 1941, re- 
tired from the Humble Oil and Refining Company, and has been engaged in 
consulting and independent work in Texas and Mexico. Since October, 1941, 
he has operated a small zinc mine on fee property in the Arkansas Ozarks. His 
address is Yellville, Arkansas. 


H. W. Stratey, III, head of the department of geology at Baylor Uni- 
versity, has resigned to enter the employ of the Eastern Exploration Com- 
pany. He will be in the Interior and Appalachian fields and his temporary 
address will be Princeton, West Virginia. 


J. Brtan Esy, consulting geologist, and ARNOLD H. BLEYBERG, geologist 
of the Fohs Oil Company, both of Houston, Texas, recently presented a paper 
entitled ‘Some Correlation on the Geology of South Mississippi’ before the 
Mississippi Geological Society at Jackson, Mississippi. 


W. R. Ransone has changed his address from Geophysical Service, Inc. 
to Geochemical Surveys, 3806 Cedar Springs Road, Dallas, Texas. 


H. W. Tuoms has completed his work in New Zealand and is returning to 
the United States. His address is 224 Pacific Boulevard, Bakersfield, Calli- 
fornia. 


W. W. Orcutt, honorary member of the Association, and for many years 


chief geologist, vice-president, and director of the Union Oil Company of 
California, died at Canoga Park, California, April 27, 1942. 
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RESEARCH NOTE 


SURVEY OF GEOLOGY STUDENTS! 


A. I. LEVORSEN? 
Tulsa, Oklahoma 


The upper part of the chart shows the number of college students in the 
United States currently majoring in geology. The figures from 1938 to 1940 
are from 64 colleges reporting, and from 1940 to 1942 are from 75 colleges 
reporting. In each year the survey is made as of January and covers the previ- 
ous calendar year. The trends in enrollments show a marked decrease in the 
undergraduate grade and only a slight decrease in the graduate grade. The 
probabilities are that the current year will see a marked decline in all enroll- 


ments. 


GEOLOGY STUDENTS IN THE US. 


STUDENTS FROM STUDENTS FROM 
64 SCHOOLS 75 SCHOOLS 
JAN. 1938 1939 1940 1941 1942 
Ca 
Se A 
ro) 
> 100 
TOTALS (75 SCH):— 2564 2510 1925 


STUDENTS, WHO UPON LEAVING. 
SCHOOL, ENTERED THE FIELD OF:— 


MILITARY - B99 


esi 
Y 
100 she 


1939 1940 (941 
DURING CALENDER YEAR 


» 


The lower part of the chart shows the relative placement of those leaving 
school and whose employment or location is known at their last school loca- 
tion. Thus, of those leaving school in the year 1941, 251 entered the petroleum 
industry; 286 entered other lines of geological activity, including graduate 
work at other institutions; and 399 entered the military service. 

The research committee of the Association plans to continue the survey 
next January as it is believed that the trends shown are of interest to students, 


teachers, and employers, alike. 


1 Manuscript received, May 6, 1942. 
2 Chairman, research committee. 
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PROFESSIONAL DIRECTORY 


Space for Professional 


Cards Is Reserved for 


Members of the Association. For Rates Apply to 
A.A.P.G. Headquarters, Box 979, Tulsa, Oklahoma 


CALIFORNIA 


J. E. EATON 
Consulting Geologist 


2062 N. Sycamore Avenue 
LOS ANGELES, CALIFORNIA 


3 PAUL P. GOUDKOFF 
Geologist 


Geologic Correlation by Foraminifera 
and Mineral Grains 


799 Subway Terminal Building 
LOS ANGELES, CALIFORNIA 


R. L. TRIPLETT 
Contract Core Drilling 


2013 West View St. 


W Hitney 9876 Los ANGELES, CALIF, 


ERNEST K. PARKS 
Consultant in 
Petroleum and Natural Gas Development 
and 
Engineering Management 
614 S. Hope St. 
LOS ANGELES, CALIFORNIA 


HENRY SALVATORI 


Western Geophysical Company 


711 Edison Building 
601 West Fifth Street 
LOS ANGELES, CALIFORNIA 


COLO 


RADO 


Cc. A. HEILAND 
President 
Heiland Research Corporation 


Geophysical Equipment 
Industrial and Scientific Instruments 


130 East Fifth Avenue 
DENVER, COLORADO 


EVERETT S. SHAW 
Geologist - Engineer 


3131 Zenobia Street 
DENVER, COLORADO 


Exploration Surveys 


COLORADO 


ILLINOIS 


HARRY W. OBORNE 
Geologist 


230 Park Ave. 
New York, N.Y. 


Murray Hill 9-3541 


304 Mining Exchange Bldg. 
Colorado Springs, Colo. 
Main 7525 


ELMER W. ELLSWORTH 
Consulting Geologist 
Wham Building 


212 East Broadway 
CENTRALIA, ILLINOIS 
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ILLINOIS 


INDIANA 


L. A. MYLIUS 
Geologist Engineer 
140% S. Poplar St. 


Box 264, Centralia, Illinois 


NATHAN C. DAVIES 
Petroleum Geologist and Engineer 


Specializing in Subsurface Conditions and 
Correlations and in Production Problems 


2232 E. Powell, Evansville, Indiana 


IOWA 


ALLEN C. TESTER 
Geologist 


State University 
of Iowa, Iowa City 


KANSAS 


L. C. MORGAN 
Petroleum Engineer and Geologist 


Specializing in Acid-Treating Problems 


207 Ellis-Singleton Building 
WicHITA, KANSAS 


LOUISIANA 


WILLIAM M. BARRET, INC. 
Consulting Geophysicists 


Specializing in Magnetic Surveys 


Giddens-Lane Building SHREVEPORT, La, 


CYRIL K. MORESI 


Consulting Geologist 


Carondelet Bldg. New Orleans, La. 


NEW YORK 
FREDERICK G. CLAPP BROKAW, DIXON & McKEE 
Consulting Geologist Geologists Engineers 
Examinations, Reports, OIL—NATURAL GAS 
Appraisals, Management Examinations, Reports, Appraisals 
P Estimates of Reserves 
50 Church Street Chickasha Saki: 
New York Oklahoma 120 Broadway Gulf Building 
New York Houston 
OHIO 
JOHN L. RICH 


Geologist 
Specializing in extension of ‘‘shoestring’’ pools 


University of Cincinnati 
Cincinnati, Ohio 
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OKLAHOMA 


GINTER LABORATORY 
ELFRED BECK CORE ANALYSES 
Geologist Permeability 
Porosity 
717 i 
TULSA. O DALLAS R. L. GINTER 
Owner 118 West Cameron, Tulsa 
FREDERICK G. CLAPP R. W. Laughlin saan 
Consulting Geologist WELL ELEVATIONS 
Specialty: Southwestern Oil Problems SIMMONS co 
Field office: New Chickasha Hotel 615 Oklahoma Building 
CHICKASHA OKLAHOMA TuLsa OKLAHOMA 
A. I. LEVORSEN CLARK MILLISON 
Petroleum Geologist Petroleum Geologist 
221 Woodward Boulevard 
G. H. WESTBY 
Consulting Geologist 
Geologist and Geophysicist Petroleum Engineering 
Seismograph Service Corporation Geophysical Surveys 
2259 South Troost Street 
Kennedy Building Tulsa, Oklahoma TULSA OKLAHOMA 
PENNSYLVANIA 
HUNTLEY & HUNTLEY 
Petroleum Geologists 
and Engineers 
L. G. HuntLgy 
J. R. Wyutg, Jr. 
Grant Building, Pittsburgh, Pa. 
TEXAS 


JOSEPH L, ADLER 
Geologist and Geophysicist 


Contracting Geological, Magnetic, Seismic 
and Gravitational Surveys 


901 Esperson Bldg. 
HOUSTON, TEXAS 


D’ARCY M. CASHIN 
Geologist Engineer 
Specialist, Gulf Coast Salt Domes 
Examinations, Reports, Appraisals 
Estimates of Reserves 


705 Nat'l. Standard Bldg. 
HOUSTON, TEXAS 
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TEXAS 


CUMMINS & BERGER 
Consultants 


Specializing in Valuations 
Texas & New Mexico 


Ralph H. Cummins 


1601-3 Trinity Bldg. 
Walter R. Berger 


Fort Worth, Texas 


E. DEGOLYER 
Geologist 
Esperson Building 
Houston, Texas 


Continental Building 
Dallas, Texas 


ALEXANDER DEUSSEN 
Consulting Geologist 
Specialist, Gulf Coast Salt Domes 


1006 Shell Building 
HOUSTON, TEXAS 


DAVID DONOGHUE 
Consulting Geologist 
Appraisals - Evidence - Statistics 


Fort Worth National FORT WORTH, 
Bank Building TEXAS 


ROBERT H. DURWARD 
Geologist 


Specializing in use of the magnetometer 
and its interpretations 


1431 W. Rosewood Ave. San Antonio, Texas 


J. E. (BRICK) ELLIOTT 


Petroleum Engineer 


3404 Yoakum Blvd. Houston, Texas 


F. B. Porter R. H. Fash 
President Vice-President 
THE FORT WORTH 


LABORATORIES 


Analyses of Brines, Gas, Minerals, Oil, Inter- 
pretation of Water Analyses. Field Gas Testing. 


828% Monroe Street FORT WORTH, TEXAS 
Long Distance 138 


L. B. HERRING 
Geologist 


Driscoit Bipc. Corpus CuHrist1, TEXAS 


W. G. SAvILLE J. P. SCHUMACHER A. C, PAGAN 


GRAVITY METER EXPLORATION CO. 
TORSION EXPLORATION 


Gravity Surveys 
Domestic and Foreign 
1347-48 ESPERSON BLDG. HOUSTON, TEX. 


CECIL HAGEN 
Geologist 


Gulf Bldg. HOUSTON, TEXAS 


J. S. HupNALL G. W. 
HUDNALL & PIRTLE 
Petroleum Geologists 


Appraisals Reports 
Peoples Nat'l. Bank Bldg. TYLER, TEXAS 


JOHN S. IVY 
Geologist 


1124 Niels Esperson Bldg., HOUSTON, TEXAS 
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TEXAS 


W. P. JENNY 
Geologist and Geophysicist 


Gravimetric Seismic 
Magnetic Electric 


Surveys and Interpretations 
1406 Sterling Bldg. HOUSTON, TEXAS 


MID-CONTINENT TORSION BALANCE SURVEYS 
SEISMIC AND GRAVITY INTERPRETATIONS 


KLAUS EXPLORATION COMPANY 


H. KLAUS 
Geologist and Geophysicist 


2223 15th Street 
Lubbock, Texas 


115 South Jackson 
Enid, Oklahoma 


JOHN D. MARR 
Geologist and Geophysicist- 


SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


WM. C. McGLOTHLIN 


Petroleum Geologist and Engineer 


Examinations, Reports, Appraisals 
Estimates of Reserves 


Geophysical Explorations 
806 State Nat'l. Bank Bldg., CORSICANA, TEXAS 


DABNEY E. PETTY 
10 Tenth Street 
SAN ANTONIO, TEXAS 


No Commercial Work Undertaken 


ROBERT H. RAY 
ROBERT H. RAY, INC. 


Geophysical Engineering 
Gravity Surveys and Interpretations 


Gulf Bldg. Houston, Texas 


F. F. REYNOLDS 
Geophysicist 
SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


E. E, ROSAIRE 
SUBTERREX 
BY 
Geophysics and Geochemistry 


Esperson Building Houston, Texas 


WEST VIRGINIA 


WYOMING 


DAVID B. REGER 
Consulting Geologist 
217 High Street 
MORGANTOWN WEST VIRGINIA 


E. W. KRAMPERT 
Geologist 


P.O. Box 1106 
CASPER, WYOMING 
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DIRECTORY OF 
GEOLOGICAL AND GEOPHYSICAL 
SOCIETIES 


For Space Apply to A.A.P.G. Headquarters 


Box 979, Tulsa, Oklahoma 
COLORADO ILLINOIS 
ROCKY MOUNTAIN 
ASSOCIATION OF PETROLEUM ILLINOIS 
GEOLOGISTS GEOLOGICAL SOCIETY 
DENVER, COLORADO President Anderson 
President - - - H. E. Christensen Gulf Refining Company, Box 482, Mattoon 
he . Texas Company 


Ist Vice- Presiden - C. E. Erdmann 


S. Geological Survey 
2nd Vice- Sains —_— on B. Gould 


Colorado College, C Colorado fo Saray 
6 U. National Bank uilding 


Dinner meetings, first and third Mondays of each 
month, 6:15 P.M., Auditorium Hotel. 


Vice-President - - - - + + Darsie A. Green 
The Pure Oil Company, Box 311, Olney 


Secretary-Treasurer - - - - - + V.C. Scott 
The Texas Company, Box 476, Mattoon 


Meetings will be announced. 


INDIANA-KENTUCKY KANSAS 
INDIANA-KENTUCKY KANSAS 
GEOLOGICAL SOCIETY 
GEOLOGICAL SOCIETY WICHITA. BAS 
President - - - + + + + Edmund T. Benson President - George D. Putnam 


Tide Water Associated Oil Company 
Evansville, Indiana 


Vice-President - - R. R. Munoz 
Terrace Oil Company, Evansville, Indiana 


Secretary-Treasurer + + - + Edward J. Combs 


Sun Oil Company 
Evansville, Indiana 


Meetings will be announced. 


Lario ‘Oil and "Gas Com pany 
Vice-President - - liam C. Imbt 
Stanolind Oil and ‘Gas Company. 
Stucky 
Cities Service Oil Company 
oe of Well Log Bureau - arvel E. White 
lar Meetin 4 7:30 P.M., Geological Room, 
ee of Wichita, first Tuesday of each month. 
Visitors welcomed. 
The Soci sors the Kansas Well Log Bureau 
which is oad at 412 Union National Bank 
Building. 


LOUISIANA 


THE SHREVEPORT 
GEOLOGICAL SOCIETY 


SHREVEPORT, LOUISIANA 


James D. Aimer 
Arkansas Fuel. Oil Company 


Vice-President - Joseph Purzer 
Phillips “Petroleum 


President - 


Secretary-Treasurer_- - Robinson 
Atlantic Refining Company, Bank Bldg. 


Meets od of month, 7:30 
Civil Courts Caddo rish Court House. 


SOUTH LOUISIANA GEOLOGICAL 
SOCIETY 


LAKE CHARLES, LOUISIANA 
President - - - Harry Kilian 
Union Sulphur Company, ‘Sulphur, La. 


- - Coe S. Mills 
hio Oil Company, Lafayette, La. 


Serta - Roy A. Payne 

f t Refining Company, Lake Charles, La. 

Treasur - George N. May 
Sulphur Co., Sulphur, La. 


Luncheon ist Wednesday at Noon 
and business meeting third of ea 
month at 7.00 P.M. at the Majestic Hotel. Visiting 
geologists are welcome. 
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MICHIGAN MISSISSIPPI 
MICHIGAN 
GEOLOGICAL SOCIETY MISSISSIPPI 
i * C. Lamar GEOLOGICAL SOCIETY 
er Oi ‘ompany, t. Pleasant JACKSON, MISSISSIPPI 
Vice-President - - - A. J. Eardley 
University of Michigan, Ann Arbor President - a a - + Tom McGlothlin 
. es Gulf Refining “Company, Box 1105 
Secretary six: J. Baltrusaitis Vice-Presi dent David C. Harrell 


Business Manager _- - Gordon H. Pringle 
io Oil Company, Mt. Pleasant 


nt : Second Wednesday of month at 6:30 

rom November to April. Informal dinner 
by discussions. in rotation, 
at Lansing, Mt. Pleasant, Ann Arbor, Grand Rapids. 
Visiting geologists are welcome. 


rter Oil Company, Box 1490 
A. A. Holston 
Stanolind Oil and Gas “Company, Box 689 


Meetings: First and third Wednesdays of each 
month ,from October to May, inclusive, at 7:30 
P.M., Edwards Hotel, Jackson, ‘Mississippi. Visiting 
geologists welcome to all meetings. 


OKLA 


HOMA 


ARDMORE 


GEOLOGICAL SOCIETY 
ARDMORE, OKLAHOMA 
President - - - Paul L. Bartram 
Phi llips ‘Petroleum 
Vice-President e C. Hollingsworth 
Predecer 
Secretary-Treasurer - - Neighbor 
Sinclair Prairie Oil Compa 
he Texas Company 
Dinner am... will be held at 7:00 p.m. on the 
first Wednesday of every month from October to 
May, inclusive, at the Ardmore Hotel. 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 


President - - - - + Richard W. Camp 
Conso lidated Gas Utilities — 
Braniff Building, 

Vig McGee 
Kerlyn Oil Company, 2009 Fine “Bldg. 


Secretar H. T. Brown 
ties Service Oil Company, ne 4577 


Technical pesareme each month, subject 
= pee by Program Committee, Oklahoma City 
University, 24th Street and Blackwelder. Luncheons: 
Every ursday at 12:00 Noon, Skirvin Hotel 
Coffee Shop. 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 


President - rt L. Cassingh 
Amerada 


Vice-President - Laves 
Consulting Geologist, 723 Okla. 


Secretary-Treasurer - + - Martyna Garrison 
Amerada Petroleum Corporation 


Meets the fourth Monday of each month at 8:00 
ae at the Aldridge Hotel. Visiting geologists 
elcome. 


THE STRATIGRAPHIC 
SOCIETY OF TULSA 
TULSA, OKLAHOMA 


tic Refining Company, Building 


- + Kilburn E. Adams 
The Texas Company 


Secretary-Treasurer = Charles W. Lane 
The Pure Oil Company, Box 271 


Meetings: Second and fourth Wednesdays, each 
month, from October to May, inclusive, at 8:00 
P.M. 


TULSA GEOLOGICAL SOCIETY 
— OKLAHOMA 


- + John L. Ferguson 
‘Petroleum 
1st Vice Pride - + Louis H. Lukert 
Texas Company 
2nd - + Howard J. Conhaim 
Consulting Geologist 
R. Spahr 
801, Carter Oil teint 
Editor + - Charles Ryniker 
‘Gulf ‘Oil Corporation 


Meetings: First and _ third month, 
from tober to May, _ inclusive. P.M., 

University of Tulsa, Kendall 
Luncheons: Every Thursday (October-May), Mich- 
aelis Cafeteria, 507 South Boulder Avenue. 


TEXAS 


DALLAS 
PETROLEUM GEOLOGISTS 
DALLAS, TEXAS 


President - Lewis 
Core Laboratories, Inc., Santa Fe silding 
Vice-President - C. Albritton 
Southern “Methodist 
Secretary-Treasurer - - + Barney Fisher 
Coronado Corporation 
Executive - + Fred A. Joekel 

Magnolia Petroleum Company, Box 900 


Meeti luncheons, first of each 
moth 12:15 n Petroleum Club, Adolphus 
. Special fight meetings announcement. 


| 
xv 
| 
| 
| 
i 
| | 
| 
| 
| 


Bulletin of The American Association of Petroleum Geologists, May, 1942 


TEXAS 
EAST TEXAS GEOLOGICAL FORT WORTH 
SOCIETY GEOLOGICAL SOCIETY 
TYLER, TEXAS FORT WORTH. TEXAS 
President - - Alexander ation Gulf Oil Corporati Te B. Lovejoy 


Cc. 
Magnolia Petroleum. Company, 780 


Sun Oil Company, “Box én 


Secretary-Treasurer + « Laurence Brundall 
Shell Oil Company, Inc., Box 2037 


Meetings: Monthly and by call. 
Luncheons: Every Monday at 12:00 noon, Black- 
stone Hotel. 


Vice-President - - Karl A. Mygdal 
The Pure Oil Company 


- + Richard H. Schweers 
he Texas Company 


Meetings: Luncheon at noon, Worth Hotel, every 
Monday. Special meetings called by executive com- 
—. Visiting geologists are welcome to all 
meetings. 


USTON 
GEOLOGICAL SOCIETY 
HOUSTON, TEXAS 
President - - - + Carleton D. Speed, 
Consulting Geologist, Second National Bank Bidg 
Vice-President - - - - + Donald M. Davis 
Pure Oil Company 
Secretary - - - Wayne Z. Burkhead 
Union Oil Company of California 
1134 Commercial Building 
Treasurer - - James W. Kidding, 
ees Petroleum Corporation, Esperson Bldg. 
ular meeting held ‘every Thursday at noon (12 
ofHock), Mezzanine floor, Texas State Hotel. For 
vee particulars pertaining to the meetings write or 
call the secretary. 


NORTH TEXAS 
GEOLOGICAL SOCIETY 


WICHITA FALLS, TEXAS 


President - - + Robert Roth 
Humble Oil and Refining Company 
Vice-President- -_- - - - + + F,E, Melott 

Deep Rock Oil Company 
Secretary-Treasurer - - - Dolphe E. Simic 
Cities Service ‘Oil Company 


Luncheons and evening programs will be an- 
nounced, 


SOUTH TEXAS GEOLOGICAL 
SOCIETY 


SAN ANTONIO TEXAS CHRISTI 


President - - - . W. Hammond 
Magnolia Petroleum. Company, “1709 Alamo 
National Building, an Antonio 
Vice-President - - “a M. Hancock 
Southern Minerals Corporation, 
Secretary-Treasurer - - H. Curry 
wares Oil Company, “1108 South Texas 
Bank Building, San Antonio 


Meetings: Third ye ge of each month alternately 
in San Antonio and Gores Christi. Luncheon 
every Monday noon at Milam Cafeteria, San An- 
tonio, and at Plaza Hotel, Corpus Christi. 


WEST TEXAS GEOLOGICAL 
SOCIETY 


MIDLAND, TEXAS 
- + Ronald K. DeFord 
Argo Oil Corporation 


Vice-President - Walter G. Moxey 
Stanolind Oil and Gas Company 


Secretary-Treasurer-_- - - W. Lloyd Haseltine 
Magnolia Petroleum Company 


President - - 


Meetings will be announced 


WEST VIRGINIA 


THE APPALACHIAN GEOLOGICAL 
SOC 
CHARLESTON, VIRGINIA 


P.O. Bo: 
- Charles Brewer, Jr. 
Go dfrey ss Cabot, Inc., Box 348 
Vice-President - - H, J. Wagner 
Public Service Commission 


President - 


Secretary-Treasurer - S. Hyde 
West Virginia Gas Co oration 
Box 404, Charleston, 

Editor ache C. Lafferty 


Owens, Libbey-Owens Gas Department 
Box 1375, Charleston, W.Va. 
Meetings: aa Monday, each month, 
i. uly, and August, at 6:30 P.M., Kanaw 
ote! 


THE SOCIETY OF 
EXPLORATION GEOPHYSICISTS 


President - - + Frank Goldstone 
Shell Oil “Company, Inc., gerne Texas 


Vice-President - - Wyckoff 
Gulf Research and Development Reapers 
Pittsburgh, Pennsylvania 
Editor - - - - - - + R. P. Sharpe 
Stanolind Oil and Gas Company, Tulsa, Oklahoma 
Secretary-Treasurer - - - + + T. I. Harkins 
Independent Exploration Company, “Houston, Texas 


Past-President - - - H. Peacock 
Geophysical Service, “Inc., Houston, Brews 


Business Manage: - J. F. Gallie 
P.O. Sac 2585, Houston, Texas 
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TRIANGLE BLUE PRINT & SUPPLY COMPANY 


Representing Complete Reproduction Plant 
W. & L. E. Gurley Instruments Repaired 
Spencer Lens American Paulin 


12 West Fourth Street, Tulsa, Oklahoma 


TECTONIC MAP OF SOUTHERN CALIFORNIA 
By R. D. REep J. S. 
In 10 colors. From “Structural Evolution of Southern California,” BULL. A.A.P.G. (Dec., 1936). 
Scale, % inch = 1 mile. Map and 4 structure sections on strong ledger paper, 27 x 31 inches, rolled in 
tube, postpaid, $0.50. 


The American Association of Petroleum Geologists, Box 979, Tulsa, Oklahoma 


TAPES and RULES 


To get the best steel tape value for your money, 
simply ask for "Chrome Clad." It's the tape with 
jet black markings on the satin chrome surface 
that won't rust, crack, chip, or peel. 


Write for 
THE [UFHIN (0. 
SAGINAW, MICHIGAN New York City 


The GEOLOGY OF 
Geology NATURAL GAS 


Orders are now being taken for the EDITED BY HENRY A. LEY 


entire volume at $5.00 or for individual 
numbers at $3.00 each. Volumes I-XIII 


i i 5.00 each. 
can still be obtained at $ eac comprehensive 
The number of entries in Vol. XIII is ——e eee 
1,995. 

Of these, 465 refer to petroleum, gas, 
eophysics. They cover the 1227 pages 
a Bound in cloth. 6 x 9 x 2 inches 


If you wish future numbers sent you 


promptly, kindly give us a continuing $4.50 Postpaid 
order. $6.00 to non-members 
An Index of the 10 volumes was issued in 
May, 1939. Price: $5.00 AMERICAN ASSOCIATION OF 


E ic Geol Publishing C PETROLEUM GEOLOGISTS 
conomic ecology ru ishing \o. 
Urbana, Illinois, U.S.A. Box 979, Tulsa, Oklahoma 
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FIRST IN OIL 
1895 — 1942 


(=)) FirsT NATIONAL BANK AND TRUST COMPANY 
OF TULSA 


THE GEOTECHNICAL CORPORATION 


Roland F. Beers 
President 


1702 Tower Petroleum Building 


Telephone LD 711 Dallas, Texas 
REPORT OF A CONFERENCE ON THE PERMIAN OF 
ORIGIN OF OIL WEST TEXAS 
(Second — ii continued AND 
Conducted by the Research Com- 


mittee, A. |. Levorsen, Chairman, 
at the 26th Annual Meeting of the 
Association, Houston, Texas, April 
5, 1941. 

Round-Table Discussion by 37 Par- 
ticipants. 

Progress Report Useful to All In- 
terested in the Problem of the 
Origin of Oil. 

81 PP. 8.5x 11 INCHES. PAPER COVER 


PRICE—$1.00—POSTPAID 


The American Association of 
Petroleum Geologists 
Box 979, Tulsa, Oklahoma 


By Philip B. King 
Reprinted from the April Bulletin 
and bound in cloth. 


With regional map (in colors) 
and correlation chart (both loose 
folded inserts). 


231 pp., 34 figs. 6 x 9 inches 


Price, $2.00, Postpaid 
($1.50 to members and associates) 


The American Association of 
Petroleum Geologists 
Box 979, Tulsa, Oklahoma 
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PRACTICAL PETROLEUM 
ENGINEERS’ HANDBOOK 


SECOND EDITION 
Revised and Enlarged 


By JOSEPH ZABA, E.M.M.Sc. 
and 
W. T. DOHERTY 


This book was written by practical oil men. The tables were compiled so that they can be used 
by anyone to meet practical field situations without further calculations, and will fit 99% of the 
conditions under which the average operator is working in the field. 


The second edition of the PRACTICAL PETROLEUM ENGINEERS' HANDBOOK has been com- 
pletely revised and enlarged. The many changes which have been made during the past two 
years in the Standard Specifications of the American Petroleum Institute, particularly in pipe 
specifications, are incorporated in the new edition. Several tables are rearranged and charts 
enlarged to facilitate their use. Table of Contents and Index are more complete. Also about 90 
pages of new formulae, tables, charts and useful information have been added. 


This handbook was compiled and published for the purpose of saving the time of operators, 
engineers, superintendents, foremen and others. 


TABLE OF CONTENTS 


Chapter | —General Engineering Data 
Chapter I] —Steam 

Chapter II] —Power Transmission 
Chapter IV —Tubular Goods 

Chapter V —Drilling 

Chapter VI —Production 

Chapter —Transportation 


Semi-Flexible Fabrikoid Binding, size 6 x 9, 492 Pages. Price: $5.00 Postpaid 


Send Checks to the 


GULF PUBLISHING COMPANY 
P. ©. BOX 2608, HOUSTON, TEXAS 
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Tomorrows ARE HERE today 


Tue importance of additional 
oil reserves made available in 
existing wells can be seen when 
the fact is realized that new 
discoveries of petroleum have 
failed to balance production 
during the past three years by 
a total of about two billion 
barrels. 


LE WELL. 


General Offices & Export Office: 
5610 South Soto Street, Los Angeles, Calif. - 


Each Lane-Wells Gun Perfora- 
tor and each Lane-Wells Radio- 
activity Well Logging Instru- 
ment is a weapon for use in the 
Industry’s fight to develop ad- 
ditional reserves and maintain 
production for the duration 
from existing wells. 

Lane-Wells and field 


crews are located strategically 
throughout America’s oil fields. 
They are on call 24 hours a day 
to provide service to oil well 
operators when it is required. 


Call Lane-Wells today and find 
out what can be done to sustain 
the production of your wells. 


KEEP EM FLOWING 


, 
| 
| 
| 
| 
\ LANE-WELLS EVERYWHERE 


xxii Bulletin of The American Association of Petroleum Geologists, May, 1942 


$88, unrestricted as ta sources of supp’ 
-oyalty bases,.will be granted to responsible 

d operators to practice the inventions of any 

ted States Patents Nos. 1,575,944; 945 
637 and further 


REPORT OF 
A SYMPOSIUM ON 
PETROLEUM DISCOVERY METHODS 


CONDUCTED BY THE RESEARCH COMMITTEE, 
A. I. LEVORSEN, CHAIRMAN, AT THE 27TH AN- | 
NUAL MEETING OF THE ASSOCIATION, AT 
DENVER, APRIL 21, 1942 


164 PP. LITHOPRINTED. 8.5 x 11 INCHES. PAPER COVER 
PRICE, $1.00, POSTPAID 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA, OKLAHOMA, U.S.A. 
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GAIN WESTERN—pioneering the 

important advancements in geo- 

physical prospecting—introduces a new and 

important development... Multiple Re- 
cording! 

WESTERN'S new 24-Trace Seismograph 
Unit provides from 2 to 4 complete records 
per shot, obtained simultaneously with dif- 
ferent filters. It permits a more thorough and 
accurate study of seismograms by placing 
two or more records on a single film. In addi- 
tion, it speeds up operations in the field and 


HENRY SALVATORI, PRESIDENT 
EDISON BLDG., LOS ANGELES, CALIP. * PHILCADE BLDG., TULSA, OKLA. * ESPERSON BLDG. HOUSTON, TEXAS 


makes important savings in explosives. 

This multi-record innovation ranks in 
importance with the far-reaching advance- 
ment of the multi-string camera, which 
replaced single string types and opened up 
extensive new opportunities in exploration 
technique. 

In the new 24-Trace Unit, WESTERN 
brings oil operators another important addi- 
tion to its modern, complete and dependable 
geophysical service. May we have the op- 
portunity of presenting complete details? 


CABLE ADDRESS: WESGECO 
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CABLE TOOL OPERATORS 


BULL'S 
EYE 


ON EVERY 
RUN WITH A 


BAKER Affords These Important Advantages: 

Higher percentage of recoveries in a wider 
range of formations 

Faster running time 
Lower maintenance cost 
Simplicity of operation 
Maximum safety in service 
Longer life 
Low initial cost 
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Complete details concerning this eco- 
nomical and efficient tool will be gladly 
furnished upon request—or see the new 
1942 Composite Catalog. 


BAKER O/L TOOLS, INC. 


Box 127, Vernon Station, Los Angeles, Calif. 
Central Division: Box 3048, Houston, Texas 
Export Sales Office: 19 Rector Street, New York, N.Y. 


BAKER 


CABLE TOOL 
CORE BARREL 
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Special drafting scales and attachments 
make plotting of profiles quick and accurate. 


— 


Chart for plotting curved ray pat) data. fat 


... are not achieved simply by providing the finest instruments and the 
most modern equipment. Final results can be no better than the interpre- 
tation methods employed. It is a fundamental policy of UNITED that a 
constant examination and improvement of interpretation technique be 
maintained. The success of UNITED surveys proves the soundness of this 
policy. All UNITED seismologists are rigorously trained in the application 


of each proven development in interpretation technique. 


UNITED GEOPHYSICAL CO. 


HERBERT HOOVER JR., PRES. 
1255 East Green St., Pasadena, Calif. % 2406 Esperson Bldg., Houston, Texas 
420 Lexington Avenue, New York, N.Y. % 805 Thompson Bldg., Tulsa, Okla. 
Ruo Mexico No. 74, Rio de Janeiro, Brazil 
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"Much has been written on the origin of oil... 
little on the nature of the substances from which it is derived." 


SOURCE BEDS OF 
PETROLEUM 


BY 


PARKER D. TRASK AND H. WHITMAN PATNODE 


REPORT OF INVESTIGATION SUPPORTED JOINTLY BY THE AMERICAN 
PETROLEUM INSTITUTE AND THE GEOLOGICAL SURVEY OF THE 
UNITED STATES DEPARTMENT OF THE INTERIOR FROM 
1931 TO 1941 


This report presents results of the American Petroleum Institute Research 
Project No. 4 on the origin and environment of source beds of petroleum. The 
work was carried on under the supervision of an Advisory Committee on which 
the following men have served: R. F. Baker, B. B. Cox, F. R. Clark, K. C. Heald, 
W. B. Heroy, L. P. Garrett, F. H. Lahee, A. W. McCoy, H. D. Miser, R. D. Reed, 
and L. C. Snider. 


€ 
“Criteria for recognizing rocks that generate oil would help materially in pros- 
pecting for petroleum.” 

“The main object of this study of lithified deposits has been to determine 
diagnostic criteria for recognizing source beds.” 
@ Approximately 600 pages, with bibliographies and index 
@ 72 figures, 152 tables 
@ Bound in blue cloth; gold stamped; paper jacket; 6x9 inches 


PRICE: $4.50, POSTPAID 


($3.50 TO AAPG. MEMBERS AND ASSOCIATE MEMBERS ) 
Begin 1942 well informed 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA, OKLAHOMA, U.S.A. 
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INCORPORATED © HOUSTON, 


SEISMIC EXPLORATIONS, 
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REED ‘BR’ 
Wire Line 


SUB-SURFACE DATA in your 
WILDCATTING OPERATIONS 


.. with either the REED “BR” Wire Line Drilling- 
Coring outfit or with the REED “Kor-King” Con- 
ventional type Core Drill. 


For further information on these CoreDrills 4° 
SEND FOR BULLETINS C-415 AND K-1141 Mins, 


ROLLER BIT COMPANY 


0. BOX 2119 HOUSTON, TEXAS 
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The Oil Industry has been assigned to pro 
duce 1,500,000,000 barrels of oil in 1942. All- 
out cooperation of every element in the indus- 
try is necessary to produce this amount of 
oil economically. 


Dry holes are the industry § biggest waste --- 
a waste that can be materially reduced 
through proper use of accurate Seismograph 
surveys before this years 32,000 wells are 
drilled. 


Uncle Sam has the final word in this emer- 
gency: Because of defense requirements, we 
may at times be unable to furnish you & crew 
promptly. But, when you do contract for your 
G.S.1. crew. you may rest assured it will meet 
the same high standards as to equipment and 
personnel as heretofore. 


Where there is & will there is 4 way—so, call 
in GS. Let's talk it over—together we may 
find a way in which we may serve you. 


SEISMOGRAPH SURVEYS 


DALLAS, TEXAS BRANCH OFFICE: HOUSTON, TEXAS 
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Why 


Large diameter core recovered. 


Double Core Catcher---same as- 
sembly is used for both hard 
and soft formation coring. 


Hard and Soft Formation Cutter 
Heads fit the same box connec- 
tion in lower end of Working 
Barrel --- easily interchanged 
for varying formations. 


Floating Core Barrel 


HUGHES TOOL COMPANY 


Replaceable Core Barrel Tip. 


Vent for relieving pressure above 
core as it enters core barrel. 


Plug for keeping Core Barrel 
clean when running in hole. 


Ease of dressing and handling. 
Simplicity and long life of parts. 


Rugged strength of all parts for 
safety. 


OUSTON 
TEXAS 
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